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(54) Angiogenesis inhibitor 

(57) An angiogenesis inhibitor comprising a cysteine protease intiiljitory compound. As ttie preferaljle cysteine pro- 
tease inNbHory conpound, epaxysuccinic acid ocmpounds, peptide halohydiazide compounds, calpain inhibitory com- 
pounds, compounds of the formula (I) 




N-R5 



and compounds of the Ibrmula (VI) 
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can be used. The angiogenesis inhibitor of the present invention suppresses new fornnation of blood vessels in the living 
tissues, so that it can be used as a superior therapeutk: or prophylaclfc agent of angiogenesis associated with wound 
healing, inflammation, growth of tumor and the iike; and angiogenesis as seen in diabetic retinopathy, prematurity retin- 
opathy, retinal venous occlusion, senile discoid macular degeneration and the lite, as well as for prevention of metas- 
tasis of tunrars. 
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Description 

Technical RekJ 

5 The present invention relates to an angiogenesis inhibitor comprising a cysteine protease inhitxtory compound. 
Background of the Invention 

An angiogenesis is a phenomenon wherein new blood vessels are created to form a new vascular network in the 

10 living body. The angiogenesis is found under normal physiological environment such as genesis arxi reproduction with 
regard to wnbryo, fetus, placenta, uterus and the like. It is also a pathologic phenomenon which accompanies wound 
healing, inflammation, growth of tumor and the like, and which is ophthalmologically seen in diabetic retinopathy, pre- 
maturity retinopathy, retinal venous occlusion, senile discoid macular degeneration and the like. 

The angiogenesis greatly varies depending on the function and growth of endothelial cells, and is conskJered to be 

IS a cascade reaction whk:h proceeds in the smallest vein along the following steps. That is, new blood vessels are pre- 
sumably formed as a result of consecutive elementary reactions of (1) activation off vascular endothelial cells which are 
in the stage of rest upon differentiation, (2) destruction of cell matrix such as basement membrane by endothelial cells 
which expressed protease activity, (3) migration of endothelial cells, (4) proliferation of endothelial cells and (5) tube- 
formation by differentiation of endothelial cells JJ. Oikawa. Drug News Perspest, Vol. 6. pp. 157-162 (1993)]. Each step 

20 of these reactions has been clarified to be promoted by angiogenesis promoters. Such angiogenesis promoters include, 
for example, blood vessel inducing factors [e.g.. tumor angfogeneUc factor (TAF)] secreted from tumor tissues, and 
growth factors such as fibroblast growth factor (FGF) present in various normal tissues, endothelial cell growth facor 
derived from platelets and vascular endothelial cell growth factor. In addition, cytokine, prostaglandine, nwnobutylin and 
angfogenine reportedly have similar direct or indirect effects [M. Klagsbrun et al.. Annu. Rev. Physiol., Vol. 53. pp. 21 7- 

2S 239(1991)]. 

A substance which suppresses such angiogenesis include angiostatic steroids [Folkman, J. et al.. Science, Vol. 
221, p. 719 (1983)] such as cortisone which inhibits growth of endothelial cells; medroxyprogesterone acetate which 
inhibits production of plasminogen activator by endothelial cells; fomagillin acid derivatives which inhibit proliferation of 
endothelial cells and tube-formation; polysaccharkJe sulfate SD-4152 which inhibits proliferation and migration of 
30 endothelial cells; and retinoic acid which is responsible for modification of endothelial cell differentiation [Tsutomu 
Oikawa, KeWcan to Naihi, vol. 2. pp. 470-480 (1992)]. 

However, the akx>ve-mentk)ned drugs which inhibit angiogenesis have not been complete therapeutic agents for 
clinically suppressing angiogenesis. since some of them cause strong side-effects, thereby posing problems in terms 
of safety, and others only show insufficient effects. 

35 

Summary of the Invention 

It is therefore an object of the present invention to provkJe a pharmaceutfoal agent which provides strong angiogen- 
esis-inhit)ttory effects. 

40 According to the present invention, there has been provkied (1) an angfogenesis inhibitor comprising a cysteine 
protease inhibitory compound. 

Cysteine protease is a protease having a cysteine reskJue In the active site of the enzyme nrK>lecule and includes 
such species as cathepsin B, H, and L and dipeptkJyl peptkJase, all of virtiich are lysosomal enzyme fractions; and cal- 
pain which occurs in the cytoplasm, armxig others. Though much remains to be expfored about the physiological roles 

45 of these enzymes, a consklerable arrount of light has been cast on their roles in recent years. For example, calpain is 
known to be a protease ubiquitous in life, which is activated by calcium ions and has the optimum pH in neutral. As elu- 
cidated to this day. it takes part in degradation of the skeletal protein of cells, activation of inert cell precursors such as 
protein kinase C, and degradation of receptor proteins. It has also been shown that the abnormality of this enzyme 
activity is involved in many diseases. For ejample, its involvement in refractory diseases such as cerebral apoplexy 

so (stroke). subarachnokJ henx)rrhage, Alzheimer's disease, ischemic diseases, muscular dystrophy, cataract, platelet 
aggregation disorder, arthritis, and osteoporosis, among other diseases. [Trends in Pharmacological Science. Vol. 15, 
p. 412 (1994)]. 

The angiogenesis inhibitor of the present invention may have tiie following modes. 

55 (2) The angiogenesis inhibitor of above (1) wherein ttie cysteine protease inhibitory compound is a calpain inhibi- 
tory compound. 

(3) The angiogenesis intibitor off above (2) wherein ttie calpain inhibitory compound is at least one compound 
selected from calpaslatin and calpastatin peptkta 

(4) The angfogenesis inhibitor off above (3) wherein ttie calpastatin peptide is at least one compound selected from 
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peptides having an amino acid sequence cf the folbwing Ibrmula: 

-Gly-A-Tyr-Arg- 

wherein A is -Lys-Arg-Glu-Val-Tlir-lle-Pro-Pro-Lys-, -Lys-Arg-GIu-Val-Thr-Leu-Pro-Pro-Lysr, ^lu-Asp-Asp-G!u- 
Thr-lle-Pro-Ser-au-. -Glu-Asp-Asp-Glu-Thr-Val-Pro-Pro-Glu-, -Glu-Asp-Asp-Glu-Thr-Val-Pro-Ala-Glu-. -Glu-Lys- 
Glu-GIu-Thr-Ile-Pro-Pro-Asp- or -Glu-Arg-Asp-Asp-Thr-lle-Pro-Pro-Glu-, 

(5) TTie angiogenesis inhibitor of above (4) wherein the calpastatin peptide has an amino acid sequence of the fol- 
lowing formula: Asp-Pro-Met-Ser-Ser-Thr-Tyr-lle^alu-Glu-Leu-Gly-Lys-Arg^Blu-Val-Tlir-^ 
Glu-LeU'Leu-Ala. 

(6) The angiogenesis inhibitor of above (2) wherein the calpain inhibitory compound inhibits Ca^^-binding site hav- 
ing a high homology with calmodulin in calpain. 

(7) The angiogenesis inhibitor of above (6) wherein the compound which inhibits Ca^'*^-binding site having a high 
homology with calmodulin is at least one compound selected from calmodulin antagonistic compounds. 

(8) The angiogenesis inhtoitor of above (1) wherein the cysteine protease inhibitory compound is at least one com- 
pound selected from the group consisting of epoxysuccinic peptide compounds, peptide aldehyde compounds, 
peptide halomethane compounds, peptide diazomethane compounds, peptide halohydrazide compounds, peptide 
disulfide compounds, peptide ketoamide compounds and isocoumarine compounds. 

(9) The angiogenesis inhibitor of above (8) wherein the cysteine protease inhibitory compound is an epoxysuccinic 
peptide compound. 

(10) The angiogenesis inhibitor of above (9) wherein the cysteine protease inhibitory compound is an epoxysuc- 
cinic peptide compound of the formula (I): 




wherein 

is an optionally esterif led carboxy or an optionally substituted carboxamide; 
P? is a hydrogen or a lower (unless olhenwise specified, "lower" means "having 1 to 6 cartxm atoms" in 

the present specification) alkyi or forms a ring together with or R*: 
r3 and R* are the same or different and each is a hydrogen, an optionally substituted lower alkyl. an optionally 

substituted sulfide, or R^ and R^ combindly form a ring; 
R^ is a substituted phenyl off the fbmnula (II) 

(H) 



wherein R^ is halogen atom or alkoxy. or a substituted sulfonyl of the fomfiula (Hi) 

S02-R7 (III) 

wherein R^ is aryl optionally substituted t)y lower alkyl or optionally substituted amino; and 
isOor 1, 




or a salt thereof. 

(11) The angiogenesis inhibitor of above (10) wherein R^ is an optionally esterified carboxy, or cart)oxamide option- 
ally substituted by hydroxy or aralkyloxy. 

(12) The angiogenesis inhibitor of above (10) wherein is hydrogen or methyl. 

(13) The angiogenesis inhibitor of above (10) wherein R^ and R^. or R^ and R"* conrtjinedly form a pyrrolidine ring. 

(14) The angiogenesis inhibitor of above (10) wherein R^ and R^ are the same or different and each is hydrogen, 
lower alkyl optionally substituted by aromatic group or cart>amoyl. or sulfide optionally substituted by acylamino. 

(15) The angiogenesis inhibitor of above (10) wherein R^ and R* combinedly form a cydopentane ring. 
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(16) The angiogenesis inhibitor of above (10) wherein of the formula (II) is chlorine or fluorine. 

(17) The angiogenesis inhibrtor of above (10) wher^n R^ of the formula (III) is phenyl or dimethylamino optionally 
substituted by lower alkyi 

(18) The angiogenesis inhibitor of above (8) wherein the cysteine protease inhibitory compound is a peptide alde- 
hyde compound. 

(19) The angiogenesis inhibitor of above (18) wherein the peptide aldehyde conrpound is leupeptin. 

(20) The angiogenesis inhibitor of above (18) wherein the peptide aldehyde compound is a compound off the for- 
mula (VQ: 




wherein R^^ is an optionally substituted aryl having 6 to 10 carbon atoms; R^^ and R^^ are the same or differerrt 
and each is a hydrogen, a CrC4 alkyl. or R^^ and R^^ combinedly form a ring having 3 to 7 carbon atoms: and R 
is a lower alkyl optionally substituted by aryl, cyctoalkyi or aromatic heterocycle. or a salt thereof. 

(21) The angiogenesis InhibitDT of dwe (20) wherein R^ ^ is phenyl or naphthyl optionally substituted by fluorine, 
chlorine or methyl. 

(22) The angiogenesis inhibitor of above (21) wherein ^ is a member selected from 4-f luorophenyl. 4-chlorophe- 
nyl, p-tolyl and 2-naphthyl. 

(23) The angtogenesis Inhibitor of above (20) wherein R^^ js propyl, isopropyl or tert-butyt, and R is hydrogen. 

(24) The angtogenesis inhibitor off above (23) wherein R^^ js isopropyl and R^^ is hydrogen. 

(25) The angiogenesis inhibitor of above (20) wherein R^^ r13 corribinedly form cyck)hexylkJene. 

(26) The angiogenesis inhibitor of above (20) wherein R^"^ is isobutyl, benzyl, cyctohexylmelhyl or indol-3-ylmelhyl. 

Brief Explanation of the Drawings 

Fig. 1 (A), Fig. 1 (B) and Fig. 1 (C) show comea of guinea pig obsen/ed with a slit lamp, at 9 days after implantation 
of bFGF-containing pellet, and 27 mer calpastalin peptide (0.03 jimole and 0.1 jimole)-containing peliek together with 
bFGF-containing pellet. 

Rg. 2(A) and Fig. 2(B) show comea of guinea pig observed with a slit lanp, at 9 days after implantation off bFGF- 
containing pellet, and leupeptin (0.1 ^mole)-containing pellet together with bFGF-containing pellet 

Rg. 3 is a graph showing the wet weight of comea off guinea pig obtained at 9 days after implantation of bFGF-con- 
taining pellet, and 27 mer calpastatin peptide (0.03 jimole and 0.1 Mmole)-containing pellet or leupeptin (0.1 jimole)- 
containing pellet together with bFGF-containing pellet. 

Rg. 4 is a graph showing an anfKXjnt of albumin in cornea of guinea pig obtained at 9 days after implantation of 
bFGF-containing pellet, and 27 mer calpastatin peptkle (0.03 jimole and 0.1 MmoIe)-containing pellet or leupeptin (0.1 
nmole)-conteining pellet tog^er with bFGF-containing pellet. 

Disclosure of the Invention 

The cysteine protease inhibitor to be used for the angiogenesis inhibitor of the present invention may be any com- 
pound as long as it can inhibit cysteine protease. Examples of such compound include epoxysuccinic peptide com- 
pounds such as (+)-(2S,3S)-3-[D[1 -[[[4-[(aminoiminomelhyl)amino]butyI]aininolcarbonyQ-3-melhylbutylJamino] 
cartx)nyl]-2-axyranecarboxylic add (E-64). (+)-(2S.3S)-3-[(S)-3-methyl-1-(3-me1hylbutyk»ibanfioyDbutylcarbamoyl]-2- 
oxyranecarboxylic acid (E-64c) and ethyl (+)-(2S,3S)-3-[(S)-3-methyl-1-(3-melhylbutylcarbanfK)yI)butylcarbamoy1]-2- 
oxyranecarboxylate (E-64d); peptide aldehyde compounds such as leupeptin. calpeptin. Ac-Leu-Leu-nUu-H (calpain 
Inhibitor peptkle I), Ac-Leu-Leu-nMet-H (calpain inhibrtor peptkle II). Z-Val-Phe-H (MDL28170) and Boc-Leu-Nle-H; 
peptide halomethane compounds such as Z-Leu-Leu-Tyr-CH2F: peptkle diazomethane compounds such as Z-Leu- 
Leu-Tyr-CHNg; peptkle hatahydrazkle compounds such as Z-3-l-Tyr-NHNHCC>CH2l: peptkle disulffkle compounds such 
as Leu-Leu-(3-nitro-2-pyrklinesuHinyl)Cys-NH2; peptkle ketoamide compounds such as Z-Leu-Abu-CONHEt (AK275); 
and isocoumarine conrpounds such as 7-amino-4-chloro-3-(3-isothiourekk)propQxy)isocoumarine. 

The cysteine protease inhibitory compound to be used for the angiogenesis inhibitor of the present invention may 
be a substance which specifically inhibits calpain or cathepsin B, H and L. from among cysteine proteases. Examples 
of the substance whk:h specif wally inhibits calpain include calpastatin. calpastatin peptkle and the like. 
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The above-mentioned catpastatin peptide is preferalsly a peptide having an amino acid sequence of the follGwing 
formula: 

-Gly-A-Tyr-Arg- 

wherein A is -Lys-Arg-Glu-Val-Thr-lle-Pro-Pro-Lys-. -Lys-Arg-Glu-Val-Thr-Leu-Pro-Pro-Lys-. <3lu-Asp-Asp-Glu-Thr-lle- 
5 Pro-Ser-Glu-. -Glu-Asp-Asp-Glu-Thr-Val-Pro-Pn>Glu-. -Glu-Asp-Asp-Glu-Thr-Val-Pro-Ala-GIu-, -Glu-Lys-Glu-Glu-Thr- 
lle-Pro-Pro-Asp- or -Glu-Arg-Asp-Asp-Thr-IIe-Pro-Pro-Glu-, particularly, a peptide (27 mer calpastatin peptide) having 
an amino acid sequence of the following formula: 

Asp-Pro-Met-Ser-Ser-Thr-Tyr-lle-Glu-Glu-Leu-Gly-Lys-Arg<3lu-Val-Thr-lle-^ 

The cysteine protease inhil)itory compound to be used for the angiogenesis inhibitor of the present invention may 
10 contain a siibslance which inhibits Ca^^-binding site having a high homology with calmodulin. Examples of such sub- 
stance include calmodulin antagonistic compounds such as melitin, calmidazolium, trifluoroperazine and N-(6-amino- 
hexyl)-5-chloro-1-naphthalenesuifonamide hydrochloride (W7), and ethylenediaminetetraacetic add (EDTA). 

These cysteine protease inhitntory compounds may be used alone or in combination. 

As an epoxysuccinine peptide compound having strong cysteine protease inhibitory effect, a new compound of the 
15 following formula may be used. 




25 wherein each synix)! is as defined above. 

Referring to the above formula (1). the optfonally esterif ied carboxy represented by includes but is not limited to 
caitx>xy and alkoQcycarboxy. The alkoxy moiety off said alkoxycarboxy may be Ci-Cg alkoxy and preferably C1-C4 alKoxy. 
such as methoxy, ethoxy, propoxy, isopropoxy, butoxy. isobutoxy, sec-butoxy. and tert-butoxy. Particularly prefen^ed is 
ethoxy. 

30 The substituent for said optionally substituted caitooxamide represented by includes hydroxy, alkoxy (methoxy, 
ethoxy, propoxy, etc.). and aralkyloxy (benzyloxy etc.). Preferred are hydroxy and benzyloxy. 

The lower alkyi for R^ includes CyC^ lineal- or branched alkyi or preferably CyC^ alkyi, such as methyl, ethyl, n- 
propyl, isopropyl. n-butyl. isobutyl, sec-butyl, tert-butyl. n-pentyl, isopentyl. neopentyl, tert-pentyl, n-hexyl. isohexyl, 4- 
methylpentyl, 1,1-dimettiylbutyl. 2.2-dimethylbutyl, 3.3<limethytoutyl. and 2-ethylbutyl. Prefen-ed are hydrogen and 

35 methyl. 

The ring that may be formed coirtoinedly by R^ and eith«^ R^ or R^ includes but is not limited to aziridine. azetidine, 
pyrrolkline, and piperidine. Particularly preferred is pyrrolidine. 

The alkyi of said optionally substituted lower alkyi for R^ and R* includes CyCs linear or branched alkyi such as 
methyl, ethyl, n-propyl, isopropyl. n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl. neopentyl, tert-pentyl, n- 
40 hexyl. 4-mettiylpentyl, 1.1-dimethylbutyl. 2.2-dimethylbutyl, 3.3KJimethylbutyl, and 2-ethylbutyL Preferred are methyl, 
ethyl, Isobutyl. and sec-butyl. The substituent optionally present on said alkyi includes an aromatic ring and carbamoyl. 
The aromatk: ring includes aromatk: carbocydes such as benzene ring and aromatic heterocydes such as indole ring. 
Particularly preferred is benzene ring. 

The suHide group of said optionally substituted sulfide for R® and R* includes alkylthfoalkyi and preferably C1-C4 
45 alkyl-thio-Ci-C4 alkyi, such as dimethyl sulfide, diethyl sulfide, dipropyl sulfkJe. dibutyl sulfide, dipentyl sulfide, dihexyl 
sulfide, melhylethyl sulfide, mettiylpropyl sulfide, and etiiylbutyl sulfide. Preferred are dimethyl sulfide and mettiylethyl 
sulfide. The substituent optionally present on said sulfide includes acylamino. The acylamino includes but is not limited 
to formylamina acelylamina propionylamino, butyrylamino, isobutyrylanrBno, valerylamina isovalerylamino. pival- 
oylamino, and n-hexanoylamino. Preferred is acetylamino. 
50 The ring optionally formed coiT*inedly by R^ and R* includes cyclopropane, cyclobutane, cydopentane. cyclohex- 
ane. cydoheptane. etc. Particularly preferred is cydopentane. 

Referring to the substituent R^ for saki substituted phenyl of formula (II). the halogen includes but is not limited to 
fluorine, chlorine, bromine, and fodine. Preferred are fluorine and chlorine. The halogen may be bonded at any of meta. 
para, and ortho positions. 

55 Referring further to ttie substituent R^ for said substituted phenyl off formula (II). the alkoxy indudes Ci -Ce alkoxy 
and prefferaWy C1-C4 alkoxy. such as methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, and tert- 
butoxy. Partkxilar^ preferred is methoxy. 

Referring to the substituent R^ for the sii)stituted suHbnyl of formula (III), the aryl of said aryl optionally substituted 
by lower alkyi includes but is not limited to phenyl and naphthyl. The tower alkyi optionally substituting sakJ aryl indudes 
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methyl, ethyl, propyl, isopropyl, Ixjtyl, etc. and may be bonded at any position of the aryl groip. 

Referring further to the substituent for said substituted sulfonyl of formula (III), the amino includes amino and 
amino substituted by one or two CyC^ linear, branched or cyclic alkyl. such as methylamino, dimethylamino, ethyl- 
amino, diethylamino. propylamine dipropylanfuno. isopropylamino. diisopropylamino. butylamina dibutylamino and 
cydohexylamino. Particularly preferred is dimethylamino. 

In the context of the present invention, the salt of the compound of formula (I) is preferably a physiologically accept- 
able salt, thus including salts with inorganic bases, salts with organic bases, salts with inorganic acids, salts with 
organic adds, and salts with basic or acidic amino acids. The preferred inorganic base salt includes alkali metal salts 
such as sodium salt and potassium salt, alkaline earth metal salts such as calcium salt and magnesium salt, aluminum 
salt, and ammonium salt. The preferred organic base salt indudes salts with trimethylamine. pyridine, picollne. eth- 
anolamine, diethanolamine. triethanolamine, dicyclohexytamine. and N.N-dibenzylethylenediamine. The preferred inor- 
ganic acid salt includes salts with hydrochloric acid, hydrobromic acid, nitric acid, sulfuric acid, and phosphoric add. 
The preferred organic add salt includes salts with formic acid, acetic acid, trif luoroacetic acid, fumaric acid, oxalic add. 
tartark; add. maleic acid, citric add, succink: add, malic ackJ, methanesulfonic add. benzenesulfonic ackl, and p-tolu- 
ene sulfonic add. The preferred salt with a basic amino ackJ indudes salts with arginine. lysine, ornithine, etc.. while the 
prefen-ed salt with an addic amino ackl includes salts with aspartic ackl and glutamic add. 

The con^und of general formula (I) according to the present invention can be produced in accoidance with the 
following reaction scheme. 




wherein each symbol is as defined at»Gve. In this process, a compound of the formula (IV) [hereinafter sometimes 
referred to as compound (IV)] or a reactive derivative in the carixncyl thereof, or a salt therec^. is reacted with a com- 
pound of the formula (V) [hereinafter sometimes refen-ed to as compound (V)] or a reactive derivative thereof, or a salt 
thereof, to provkle compound (I). 

The above reaction can be carried out by the routine Ik^ukl-phase or solid-phase (stationary) technk^ue known to 
those skilled in peptide synthesis. As to such known routine procedures and analogous procedures, the desaiptions in 
the following literature are incorporated herein by reference: izumiya, Nobuo et al.: Pepuchido Goseino Kiso to Jikken 
(Fundamentals and Experiments in Peptkle Synttiesis), Maruzen. 1985; Yajima, HaruaW & SakaWbara. Shunrpei: Seik- 
agaku Jikken Koza 1 (Biochemical Experiment Series 1). Japanese Blochemfcal Sodety (ed.). Tokyo Kagaku Dojin, 
1977: Kimura, Toshiya: Zoku Seikagaku Jikken Koza 1 (New Bkx^iemical Experiment Series 1. Japanese Biochemical 
Society (ed.), Tokyo Kgaku Dojin. 1987; Suzuki, Nobuo: Jikken Koge^u Koza (4th Edition) 22. VUki Gosei IV (Experi- 
mental C^iemistry Series (Edition IV) 22, Organic Synthesis IV). The Chemical Society of Japan (ed ). Maruzen. 1992. 

The preferred reactive derivative in the carboxyl of compound (IV) indudes add halide, acW anhydrkle, activated 
amide, and activated ester. The ackl halide includes but is not limited to add chloride. The ackl anhydrkle indudes 
mixed ackl anhydrkles with various adds such as substituted phosphoric ackl (dialkylphosphoric add, phenylphos- 
phoric ackl, diphenylphosphork; ackl, dibenzyl phosphoric add. halophosphoric ackl, etc.), dialkylphosphorous add. 
suHurous ackl. thiosuHuric add. sulfurk; acd, suHbnic adds (methanesuHbnic ackl. etc.). aliphatk: carboxylic adds (ace- 
tic acid, propionic add. butyric ackl, isobutyric add, pivalic add, pentanoic ackl, isopentanoic add. trichloroacetic add, 
etc ). and aromatic carix)xylic adds (benzoic ackl etc.) as well as symmetric acd anhydride. The preferred activated 
amide includes but is not limited to imklazole, 4-siA)stituted imidazole, dimethylpyrazole. triazole. and tetrazole. The 
preferred activated ester includes but is not limited to the cyanomethyl ester, methoxymethyl ester, dimelhyliminomethyl 
ester, vinyl ester, propargyl ester, p-nitrophenyl ester, trichlorophenyl ester, pentachlorophenyl ester, methylphenyl 
ester, phenytazophenyl ester, phenylthio ester, p-ratrcphenylthio ester, p-cresylthio ester, cartxxxymethylthio ester, pyra- 
nyl ester, pyrklyl ester, 8-quinolylthio ester, eta and esters with N-hydroxy compounds such as N,N-dinr»ethylhy- 
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droxyamlne. 1-hydroxy-2-(1H)-pyridone, N-hydroxysuccinimide. N-hydroxyphlhalimide, 1-hydraxy-1H-benzotriazole, 
eta Ihe preferred salt of corrpound (IV) or a reactive derivative thereof includes alkali metal sails, e.g. sodium salt, 
potassium salt, etc., alkaline earth metal salts such as calcium salt, magnesium salt, etc, aluminum salt, and ammo- 
nium salt, as well as salts with organic bases such as trimethylamine salt, triethylamine salt, pyridine salt, picoline salt, 
elhanolamine salt, dielhanolamlne salt, triethanolamine salt, dicydohexylamine salt. N,N<Jibenzylethylenediamine salt, 
etc. The kind of reactive derh/ative can be selected according to the type of compound (IV) to be used. 

The preferred reactive derivative in the amino groip of compound (V) includes Schiff base tyiae imino and enamine 
tautomers available on reaction of compound (V) with caitx)nyl compounds such as aldehydes and ketones, silyl deriv- 
atives available on reaction of compound (V) with silyl compounds such as bis(trimethylsilyl)acetamide. mono{trimeth- 
ylsilyl)acetamide. bis(trimethylsilyl)urea. etc., and derivatives available on reaction of compound (V) with phosphorus 
trichloride or phosgene. The preferred salts of the compound (V) and its reactive derivative include salts with inorganic 
acids, such as hydrochloride, hydrobromide, nitrate, sulfate, phosphate, etc. and salts with organic adds, such as for- 
mate, acetate, triffluorpacelate. fumarate, oxalate, tartrate, maleate. citrate, succinate, malate, methanesulfonate. ben- 
zenesulfonate. p-toluenesuHonate, etc. These reactive derivatives can be selectively used according to the type of 
compound (V). 

The reaction between compounds (IV) and (V) is generally conducted in water, a common solvent. e.g. alcohol (e.g. 
methanol, ethanol, etc.). acetone, dioxane, acetonitrile, chloroform, methylene chloride, ethylene cNoride, tetrahydro- 
furan, ethyl acetate, N.N-dimelhylformamide, and pyridine, although the reaction can be carried out in any other organic 
solvent that does not interfere with the reactioa Tbe common organic solvent mentioned above may be used in admix- 
ture with water. When compound (IV) is used either in a free form or in the form of a salt in the above reaction, the reac- 
tion is preferat>ly conducted in the presence of a common condensing agent such as N,N'-dicyck>hexylcarbodiimide, N- 
cydohexyl-N'-morpholinoethylcarbediimide. N^ydohexyl-N'-(4-diethylaminocydohexyOcarbodiimide, N.N'-diethylcar- 
bodiimkie. N,N'-diisopropylcarbodiimide. N-ethyi-N'-(3-dimethylaminopropyl)cartxxliimide, N,N'-carbonyl-t)is(2-methyl- 
Imidazole), pentamethyleneketene-N-cydohexylimine. diphenylketene-N-cyclohexylimine, ethoxyacetylene. l-alkoxy- 
l-chloroethylene. trimelhyl phosphite, ethyl polyphosphate, isopropyl polyphosphate, phosphorus oxychloride. diphe- 
nylphosphorylazide, thionyl chloride, oxalyl chtoride. halofomiic add tower alkyi esters (e.g. etf^ chtoroformate, isopro- 
pyl chloroformate, etc.). triphenylphosphine, N-hydroxybenzotriazde. 1-(p-chlorobenzenesulf6nyloxy)-6-chk)ro-1H- 
benzotriazole. Vilsmeier reagents prepared by reacting N.N-dimethyHormamide with thionyl chloride, phosgene, trichlo- 
romelhyl chloroformate. phosphorus oxychloride. or the like. TTie reaction may be carried out in the presence of an inor- 
ganic or organic base. e.g. alkali metal hydrogencarbonate, tri(CvC6)alkylamine, pyridine. N-(CrC6)alkyimorpholine, 
N.N-di-(Ci-C6)a'kylbenzylamine, etc. The reaction temperature is not so critical and the reactfon can be generally car- 
ried out under cooling, at ambient temperature, or under miW heating. 

TTie structural formulas of the compounds synthesized in the Examples whfoh appear hereinafter are shown below. 
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As a peptide aldehyde compound having a strong cysteine protease inhiljitory effect, a new compound off the 161 
lowing formula (VI) may be used. 




wherein each symbol is as defined above. 

Note that when the amino add to be used in the present invention has an optical isomer, it is an L compound unless 
specifically indicated. 

The Cg-Cio aryl at R^^ may be. for example, phenyl, naphthyl, pentaphenyl. indenyl and azulenyl, with preference 
given to phenyl and naphthyl. The substituent optionally possessed by aryl may be, for example, halogen atom (e.g., 
fluorine and chlorine), alkyi having 1 to 5 carbon atoms, trHluoromethyl. alkoxy having 1 to 5 carbon atoms, hydroxy, 
acyloxy having 2 to 5 carbon atoms, carboxyl and acyl having 2 to 5 carbon atoms, with preference given to halogen 
atom and alkyI having 1 to 5 carbon atoms, and more preference given to fluorine, chlorine and methyl. Examples of 
preferable ^ include 4-f luorophenyl, 4-chlorophenyl. p-tolyl and 2-naphthyl. 

The CrC4 alkyI at R^^ and R^^ may be. respectively, for example, methyl, ethyl, propyl, isopropyl. butyl, isobutyl. 
sec-butyl or tert-butyl, with preference given to propyl, isopropyl and tert-butyl, and more preference given to isopropyl. 
It is preferable that one of R^^ and R^^ be hydrogen and the other be propyl, isopropyl. isobutyl or tert-butyl. with more 
preference given to R^^ being propyl, isopropyl. isobutyl or tert-butyl. and R^ ^ being hydrogen, with still more preference 
given to R^^ being isopropyl and R^^ being hydrogen. The ring having 3 to 7 carbon atoms, which is optionally formed 
by R^^ and R^^ may be. for example, cyclopropylidene. cydobutylidene, cydopentylidene. cydohexylidene or cyctohep- 
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tylkJene. with preference given to cydohexylidene. 

"me lower alkyi at R^* may be linear, branched or cydic alky! having 1 to 6 cart)on atoms, such as methyl, ethyl, 
propyl, isopropyl. butyl, Isobutyl. sec-butyl, tert-butyl, pentyl. isopentyl. neopentyl. tert-pentyl. hexyl, 4-methylpentyl. 1.1- 
dimethylbutyl, 2.2-dimethylbutyl. 3.3-dimethylbutyl, 2-ethylbutyl and the like, with preference given to methyl and iso- 
5 butyl- 

The aryl which optionally substitutes said lower alkyI may be, for exanple, phenyl, 1-naphthyl or 2-naphthyl, with 
preference given to phenyl. The cycloalkyi which optionally substitutes said lower alkyi may be. for example, cyclopro- 
pane, cyclobulane, cyclopenlane or cyclohexane, with preference given to cyclohexane. The aromatic heterocycle 
whfch optkxially substitutes said lower alkyI may be, for example, heleromonocyclic residue and condensed heterocy- 

10 die residue substituted by oxygen, nitrogen or sulfur atom. Examples of heteromonocydic residue indude pyrolyl. f ura- 
nyl, thiophenyl. oxazolyl, thiazolyl, imidazolyl. pyrazolyl. pyridyl and the like; and examples of condensed heterocydic 
re^due indude indolyl, quinolyl, benzothiophenyl. benzofuranyl. indazolyl, quinazolynyl, phthaladinyl, quinoxalynyl and 
the like, with preference given to indolyl. 

Exarrples of R^* Include isobutyl, benzyl, cyclohecylmethyl. indol-3-ylmethyl and the like. 

15 Ihe salts of the compound of the formula (VI) are preferably phystologically acceptable ones, such as salts wHh 
inorganic base, salts with organic base, salts with inorganic acid, sails with organic acid, salts with basic or acidic amino 
acid, and the like. Examples of preferable salts with inorganic base include alkali metal saHs Such as sodium salt and 
potassium salt; alkaline earth metal salts such as caldum salt and magnesium salt; and aluminum salt and ammonium 
salt. Exanples of preferable salts with organic base include salts with trimethylamine, pyridine, picoline, ethanolamine, 

20 dielhanolamine, trielhanolamine, dicydohexylamine, N,N-dibenzylethylenediamine and the like. Examples of preferable 
salts with inorganic acid indude salts with hydrochloric acW. tiydrobromic add. nitric acid, sulfuric add, phosphoric acid 
and the like. Exanples of preferable salts with organic add indude salts with formic acid, acetic acid, trifluoroacetic 
acid, f umaric acid, oxalic acid, tartaric add, maleic acid, citric add. succinic acid, malic add, methanesutfonic acid, ben- 
zenesuHonic acid, p-toluenesulfbnic acid and the like. Examples of preferable sails with basic amino add indude sails 

25 with arginine. lysine, ornithine and the like, and examples of preferable salts with acidic amino add indude salts with 
aspartic add, glutamic acid and the like. 

Tlie compound (VI) can be produced, for example, by the folkiwing reactions. 



30 
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wherein each symbol is as defined abcva 

Suffonyl chloride of the formula (Vll) [hereinafter sometimes referred to as compound (VII)] may be, for example, 
naphthalenesulfonyl chloride, toluenesuHonyl chloride, f luorobenzenesuHonyl chloride, chlorobenzenesuHbnyl chloride, 
brombbenzenesulfonyl chloride and benzenesutfonyl chloride. 

Ttie corr^jound of the formula (VIII) [hereinafter sometimes referred to as compound (Vlll)! may be, for example, 
glycine, alanine, valine, D-valine, norvaline, leucine, isoleuclne. norieudne, tert-leudne, l-aminocydopropanecarboxy- 
licacid, l-aminocydobulanecarboxyllcacld. 1-aminocyclopenlanecarboxyBcacid, l-aminocydohexanecarboxylicacid 
and the like. 

The reaction of conpound (Vll) and compound (Vlll) can be canied out by a method generally known, such as 
Shotten-Baumann reaction. 

The conpound off the formula (IX) and N-hydraxysuccinlmide may be dissolved in an organic solvent generally 
used, such as tetrahydrofuran, dichloromelhane, chloroform and ethyl acetate, and condensed using a condensing 
agent. Examples of the condensing agent include N,N-dicydohexyl carbodiimide. 1-ethyl-3-(3-dimethylaminopro- 
pyl)cartxxiiim)de hydrochloride, and the like. 

The amino alcohol of the formula (XI) [hereinafter sometimes referred to as conpound (XI)] may be. for example, 
valinol. leudnol. D-leudnol. phenylalaninol. tryptophanol or (s)-2-amino-3-cydohexyl-1 -propanol. 

TTie conpound of the formula (X) and compound (XI) are. for example, dissolved in a solvent such as tetrahydro- 
furan, dichloromelhane. chloroform and ethyl acetate, and are reacted in the presence of a base (ag.. triethylamine and 
pyridine). 

The conpound of the formula (XII) is oxkJized with an oxidizing agent (e.g., sulfur trioxide-pyridine complex, oxalyl 
chloride and chrornic ackJi)yridine) to give a new compound (VI). 

While the reaction tenperature is not particularly limited, the reaction generally proceeds under cooling, at room 
temperature or under heating. 
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The structural formula of the confounds ot>lained in Examples to be mentioned later are shown in ttie tbilowing. 

Table 3 
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Table U 
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Cysteine protease inhibitory compounds can be administered systemically or locally. For systemic administration, 
they are administered orally or parenteraliy by. lor example, intravenous injection, subcutaneous injection, intramuscu- 
lar injection and the Oke. For local administration, they are administered transdermally. transmucosally, intranasally, 
intraocularly or other route. 

Cysteine protease inhibitory compounds can be used to formulate pharmaceutical compositions. Exannples of 
compositions to be orally administered to human include powders, granules, tablets, capsules, syrups, Iquids, and the 
like. When the composition is prepared into powders, granules, tablets and the like, optional pharmaceutical carriers 
suitable for preparing solid compositions, such as vehicles (e.g., starch, glucose, fruit sugar, sucrose and the like), lubri- 
cants (e g., magnesium stearate), disintegrators (e g., starch and crystalline cellulose), and binders (e.g., starch and 
gum arable). The compositions may be coated with gelatin, sucrose and the like are admixed as appropriate. When the 
composition is syrup or liquid, for example, stabilizers (e.g., sodium edetate), suspending agents (e.g.. gum arable and 
carmellose), corrigents (e.g., simple syrup and glucose), aromatics and the like may be i^ed as appropriate. A 
parenteral composition may be injections or suppositories. When the composition is an irijection, for ©cample, solvents 
(e.g.. distilled water for injection), stabilizers (e.g.. sodium edetate), isotonizing agents (e.g., sodium chloride, glycerine 
and mannitol), pH adjusting agents (e.g., hycfirochloric acid, citric add and sodium hydroxkle). suspending agents (e.g.. 
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methyl cellulose) and the like may be used. When the composition is suppositories, for example, a base for supposito- 
ries such as cacao butter and macrogols. may be used as appropriate. Examples of compositions for external use 
include ointment, cream, lotion, collunarlum, eye drop and the like. These conpositions for external use may contain, 
in addition to said inhibitory compound, for example, known conpounds such as ointment base (e.g.» petrolatum and 

5 lanolin), solvent (e.g.. physiological saline and purified water), stabilizer (e.g., sodium edetate and citric acid), wetting 
agent (e.g.. glycerine), emulsifier (e.g., polyyinylpyn-olidone), suspending agent (e.g.. hydroxypropylmethylcellulose 
and methylcellulose), surfactant (e.g., polysortwrte 80 and polyoxyethylene hydrogenated castor oiO. presen/alive (e.g.. 
benzalkonium chloride, p-hydroxybenzoate and chlorobutand). buffer (e.g., boric acid, sodium tetratx)rate, sodium ace- 
tate, citrate buffer and phosphate buffor). isotonizing agent (e.g.. sodium chloride, glycerol and mannitd), pH adjusting 

10 agent (e.g.. hydrochforic add and sodium hydrochloride) and the like as appropriate. 

The angiogenesis inhibitor of the present invention may contain other pharmaceutfoal ingredients such as antiin- 
flammatory drug, antitumor drug and antimicrobial agent, and the like. 

While the dose of the cysteine protease inhibitory conpound may vary depending on target disease, symptom, 
administration target, administration route and the like, the amount per dose is generally 1-500 mg, preferably 10-200 

15 mg by oral administration, and generally 0.1-100 mg, preferably 1-50 mg by injection. When the composition is admin- 
istered tocally. for example, an eye drop adjusted generally to 0.001-1.0 wN%, preferably 0.01-0.5 w/V%, is instilled to 
the eye by 20-50 ^ at a time for 5 or 6 times a day. 

The present invention is described in more detail by way of Examples and Experimental Examples in tiie following, 
whfoh by no way limit the present invention. 

20 The folfowing Reference Examples, Examples and Experimental Examples are all intended to describe the present 
invention in furtiier detail and should by no means be construed as defining the scope of the invention. 

Example 1 (Tablet) 
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35 Using Utte above ingredients as the material for one tablet, tablets are preared by a conventional method. Where 
necessary, sugar coating may be applied. 

Example 2 (Injection) 
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so The above ingredients are admixed by a conventional method to give injections. 
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The atx]ve ingredients are admixed by a conventional method to give suspension for instillation. 

20 

Reference Example 1 

To a solution of N-tert-butoxycartxxiylphenytalanine (53 g, 0.2 mol) and p-nitrophenol (27.8 g, 0.2 mol) in ethyl ace- 
tate (200 ml) in an ice^ter bath was dropwise added a solution of N^N'-dicydohexylcarbodiimide (41.2 g, 0.2 mol) in 
25 ethyl acetate (1 00 ml), and the mixture was stinred in an ice-water bath lor 3 hours and then at room temperature for 20 
hours. TTie precipitated N,N*-dicyclohexylcart>odiurea was filtered off and the filtrate was concentrated under reduced 
pressure. The residue thus obtained was recrystallized from ethyi acetate-hexane to give N-tert4xjtoxycartx)nylpheny- 
lalanine p-nitrophenyl ester [61 .7 g. 80% (% weight, hereinafter the same)]. 

30 Reference Example 2 

To a solution of N-tert-butoxycarbonytleudne (6.94 g. 30 mmol) and N-hydroxysuccinimide (3.45 g. 30 mmol) in 
dioxane (50 ml) in an ice-water iMth was dropwise added a solution of N-ethyl-N*-(3<limethylaminopropyl)Gait)odiimide 
hydrochloride (5.75 g, 30 mmol) in dioxane, and the mixture was stirred in an ice-water bath for 20 minutes and then at 
35 room temperature for 24 hours. The reaction mixture was poured into cold water and extracted with ethyl acetate. The 
extract was washed with 10 w/v% aqueous citric acid solution, 10 w/v% aqueous sodium hydrogencartx>nate solution, 
and saturated brine in the order mentioned, and the organic layer was dried ever anhydrous magnesium sulfate and 
concentrated under reduced pressure. The residue was recrystallized from isopropyl ether to give N-tert-txitoocycarlx)- 
nylleudne N-hydroxysuccinimide ester (7.77 g, 78.9%). 

40 

Rgfergngg Examples 

To a solution of 1-(4-fluorophenyl)piperazine dihydrochloride (2.53 g, 10 mmol) in N,N<Jimelhylformamide (40 ml) 
were added triethylamine (2.8 ml, 20 mmol) and N-tert-butQxycartx)nylphenylalanine p-nitrophenyl ester (2.65 g. 10 

45 mmol) in the order mentioned, and the mixture was stirred at room tenrperature overnight. The reaction mixture was 
poured into cold water and extracted with ethyi acetate. The extract was washed with 1 w/v% aqueous ammonia, satu- 
rated brine. 0.1 N hydrochloric add, saturated brine, saturated aqueous sodium hydrogencarbonate solution, and satu- 
rated brine in the order mentioned, and the organic layer was dried over arlhydrous magnesium sulfate and further 
concentrated under reduced pressure. The residue was purified by silica gel column chromatography using chloroform- 

50 methanol (50:1. v/v) to give 1,1^jimethylethyl 2-(4-(4-fluorophenyf)-1-piperazinyl)-2-oxo-1-(phenylmethyl)ethylcar- 
bamate (2.7 g, 92.2%) as colorless oil. 

Reference &QmDle4 

55 Using 1 -(o-f luorophenyljpiperazine nfX)nohydrochloride instead of 1 -(4-f luorophenyI)pipera2lne dihydrochloride, the 
procedure of Reference Example 3 was repeated to give l,l-dimethylethyl-2-(4-(2-fluorophenyO-1-piperazinyl)-2-oxo- 
1 -(phenylmethyl)ethylcarbamate (1 .89 g. 88.4%). 
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Reference Example 5 

To a solution of 1 -(4-f luorophenyl)piperazine dihydrochloride (0.91 g, 3 mmol) and N-tert-butoxycarbonylleucine N- 
hydroxysucdnimide ester (0.99 g. 3 mnnol) in dichloromettiane (50 ml) was added triethylamine (1.3 ml, 9 mmol). and 
the mixture was stin-ed at room temperature for 20 hours. The reaction mixture was washed with 0. 1 N hydrochloric add, 
saturated aqueous sodium hydrogencartx)nate solution, water, and saturated brine in the order mentioned, and the 
organic layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was 
subjected to silica gel column chromatography using ethyl acetate-hexane (1:1, v/v) to give 1 ,1 -dimethylethyl 2-(4-(4- 
fluorophenyQ-1-pipefazinyl)-2-oxo-1-(2-methylpfopyl)ethylcarbamate (1,05 g. 89.0%) as colorless oil. 

Reference Exapryie 6 

Using 4-phenylpiperazine instead of 1-(4-fluorophenyl)piperazine dihydrochloride, the procedure of Reference 
Example 5 was repeated to give 1.1 -dimethylethyl 2-(4-phenyl-1-piperazinyl)-2-oxo-H2-methylpropyOethylcarbamate 
(7.99 g, 99%). 

Reference Example 7 

Using 1-dimethylsuHamoylpiperazine instead of 1-(4-fluorophenyl)-piperazine dihydrochloride. the procedure of 
Reference Example 5 was repeated to give 1.1 -dimethylethyl 2-(4KiimethylsulfamoyMi)iperaziriyO-2-oxo-1-(2-methyt- 
propyl)ethylcarbamate (7.19 g. 88.4%). 

Reference Example 8 

Using p-toluenesuKbnylpiperazine instead of 1-(4-fluorophenyl)-piperazine dihydrochloride. the procedure of Ref- 
erence Exanple 5 was repeated to give 1,1 -dimethylethyl 2-(4-(4-methylphenylsulfonyl)-1-piperazinyl)-2-oxo-1-(2- 
methylpropyl)ethylcarbamate (6.95 g. 79.4%). 

Reference Example 9 

Using 1 -(2-chlorophenyl)piperazine instead of 1-(4-fluorophenyl)piperazine dihydrochloride. the procedure of Ref- 
erence Example 5 was repeated to give 1,1 -dimethylethyl 2-(4-(2-chlorophenyl)-1-piperazinyl)-2-oxo-1-(2-melhylpro- 
pyQeAhylcarbamate (5.70 g. 95.5%). 

Referenc e E)gmple10 

Using 1-(m-chlorophenyl)piperazine nrx>nohydrochloride instead of 1-(4-fluorophenyOpiperazine dihydrochloride. 
the procedure of Reference Example 5 was repeated to give l.lKlimethylethyl 2-(4-(3-chlorophenyO-1"piperazinyl)-2- 
oxo-1 -(2-methylpropyl)ethylcart)amate (2.63 g, 88.4%). 

R^enge Example 11 

Using 1-(4-chlorophenyl)piperazine monohydrochloride instead of 1-(4-fluorophenyl)piperazine dihydrochloride. 
the procedure of Reference Exanple 5 was repeated to give 1.1 -dimethylethyl 2-(4-(4-chlorophenyl)-1-piperazinyl)-2- 
oxo-1-(2-methytpropyl)ethylcarbamate (2.83 g. 94.8%). 

Reference Example 12 

Using N-(p-methoxyphenyl)piperazine sucdnate instead of 1-(4-fluorophenyl)piperazine ^hydrochloride, the pro- 
cedure of Reference Example 5 was repeated to give 1,1 -dimethylethyl 2-(4-(4-methoxyphenyO-1-piperazinyl)-2-oxo-1- 
(2-methylpropyOethylcarbamate (2.73 g. 92.3%). 

Reference Example 13 

To a solution of 1,1 -dimethylethyl 2-(4-(4-fiuorophenyl)-1-piperazinyl)-2-oxo-1-(phenylmethyOethylcart>amate (2.7 
g, 6.3 mmol) in ethyl acetate (20 mmol) under ice-cooling was dropwise added 4N HCl/ethyl acetate (20 mi), and the 
mixture was stirred at room temperature overnight. The resulting crystals were recovered by filtration and recrystallized 
from ethanol-diethyl ether to give H2-amino-1-oxo-3-phenylpropyl)-4-(4-fluorophenyl)piperazine hydrochloride (2.2 g. 
96.1%) as pale-yellow crystals. 
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Reference Examole 14 

Using 1,1-dimethylethyl 2-(4-(2-fluorophenyO-1-pfperazinyl)-2K)xc>1-(phenyimelhyOethyirarb^ instead of 1.1- 
dimethylethyl 2-(4-(4-fliJorophenyl)-1-p"¥)erazinyO-2K)xo-1-(phenylmethyOeth^ the procedure of Reference 

5 Exanple 1 3 was repeated to give 1 -(2-amino-1 -oxo-3-phenylpropyO-4-(2-f luorophenyl)piperazine hydrochloride (1 .3 g, 
99.1%) as white crystals. 

Reference Examole 15 

10 Using i.l-dimethylethyl 2-(4-(24luorophenyO-1l)iperazinyl)-2-oxo-1-(2-methylpropyOel^ instead of 

1,1-dimethylethyl 2-{4-(4-fluorophenyl)-1-piperazinyl)-2-oxo-1-(phenylmethyl)ethylcart)amate. the procedure of Refer- 
ence Example 13 was repeated to give 1-(2-amino-4-methyl-1-oxopentyO-4-(4-fluorophenyl)piperazine hydrochloride 
(0.56 g. 70.4%) as white crystals. 

75 Reference Example 16 

Using 1,1<limethylethyl 2-(4-phenyl-1-piperazinyl)-2-oxo-1-(2-methylpropyOethylcartiamate instead of IJ-dimeth- 
ylethyl 2-(4-(4-fluorophenyO-1-piperazinyl)-2-oxo-1-(phenylmelhyl)elhylcart)amate, the procedure of Reference Exam- 
ple 13 was repeated to give 1-(2-amino-4-methyl-1-oxopentyl)-4-phenylpipera2ine hydrochloride (6.5 g. 99.2%) as 
20 white crystals. 

Reference Example 17 

Using l.lKlimethylethyl 2-(4<limelhylsulfamoyl-1-piperazinyO-2K)xo-1-(2-methylpropyOethylcart)amate instead of 
25 1,1-dimethylethyl 2-(4-(4-fluorophenyO-1 weraziryl)-2-oxo-1-(phenylmethyl)ethylcar^ the procedure of Refer- 
ence Exanple 1 3 was repeated to give 1 -(2-amino-4-methyl-1 -axopentyl)-4^imethylsuHamoylpiperazlne hydrochloride 
(5.0 g. 83.3%) as white crystals. 

Reference Example 18 

30 

Using 1 .iKlimethylethyl 2-(4-(4-methylphenylsulfonyl)-1-piperazinyl)-2-oxo-1-(2-methylpropyOethylca^ 
instead of 1 ,1-dimethylethyl 2-(4-(4-f luorophenyi)-1-piperazir^-2-axo-1-(phenylmetryO-e^^ *he procedure 

of Reference Example 13 was repeated to give 1-(2-amino-4-methyl-1-Qxopentyl)-4-(4-metfiylphenylsulfonyl)-pipera- 
zine hydrochloride (4.83 g, 78.4%) as white aystals. 

35 

Reference Example 19 

Using 1,1-dtmethylethyl 2-(4-(2-chlorophenyl)-1-piperazinyf)-2-oxo-1-(2-methylprcpyOethylcart>amate instead of 
1,1-dimethylethyl 2-(4-(4-fluorophenyl)-1-piperazinyl)-2-oxo-1-(phenylmethyl)ethylcart)amate. the procedure of Refer- 
40 ence Exanple 13 was repeated to give 1-(2-amino-4-melhyl-1-oxopentyO-4-(2-chlorophenyI)piperazine hydrochloride 
(1 .54 g, 62.6%) as white crystals. 

Reference Example 20 

45 Using 1.1-dimethylethyl 2-(4-(3-chlorophenyl)-1-piperazinyl)-2-oxo-1-(2-methylpropyl)ethylcart)amate instead of 
1.1-dimethylethyl 2-(4-(4-fluorophenyO-1i3iperazinyl)-2-oxo-1-(phenylmethyl)ethylcart)amate. the procedure of Refer- 
ence Exarrple 13 was repeated to give 1-(2-amino^-methyl-1-oxopentyl)-4-(3-cWorophenyl)piperazine hydrochloride 
(1 .40 g, 65.7%) as white crystals. 

50 Reference Example 21 

Using 1,1-dimethylethyl 2-(4-(4Krfilorophenyl)-1-piperazinyl)-2-oxo-1-(2-methylpropyOethylcait«mate instead of 
1,1-dimethylethyl 2-(4-(44luorophenyl)-1-piperazinyl)-2-oxo-1-(phenylmethyl)ethylcart)amate, the procedure of Refer- 
ence Exanple 13 was repeated to give 1-(2-amino-4-melhyl-1-oxopentyl)-4-(4-chlorophenyl)piperazine hydrochloride 
55 (1 .50 g, 65.3%) as white crystals. 

Rgf^enqeExamplg22 

Using 1.1-dimethylethyl 2-(4-(4-methoxyphenyl)-1-piperazinyl)-2-oxo-1-(2-methylpropyl)elhylcart)amate instead of 
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1.1<limethylethyl 2-(4-(4-fluorophenyO-1i)iperazlnyl)-2K)xo-1-(phenylmethyl)ethyl<»ito the procedure of Refer- 
ence Example 13 was repeated to give 1-(2-amino-4-nriethyl-lK)xoperityl)-4-(4-rTiettioxypherTyOpiperazi hydrochlo- 
ride (2.21 g, 87.4%) as white crystals. 

Reference Exanpie 23 

To a solution of N-tert-kxitoxycarbonyl-L-valine (2.27 g. 10 mmol) and 1 -(2-chlorophenyOpiperazine (2.00 g, 10 
mmol) in N.N-dimethylformamide (50 ml) under ice-cooling was dropwise added a solution of l-ethyl-3-(3-dimethylami- 
nopropyOcartxxJiimide hydrochloride (2.2 g, 1 1 mmol) and 1 -hydroxybenzotriazole (1 ,5 g, 1 1 mmol) in dichloromethane 
(50 ml), and the reaction mixture was stin^ed at room temperature for 1 5 hours. The dichbromethane was then distilled 
off under reduced pressure and ethyl acetate (200 ml) was added to the residue. The ethyl acetate layer was washed 
successively with 10 w/v% aqueous citric acid solution, saturated aqueous sodium hydrogen cartwnate solution, and 
saturated brine in tiie order mentioned and dried over anhydrous sodium suHate. The solvent was then cfistilled off and 
the residue was subjected to silica gel chromatography. Elution with ethyl acetate-n-hexane (1:2, v/v) gave 1 ,1-dimeth- 
ylethyl 2-(4-(2-chlorophenyl)piperazinyl)-2K)xo-(s)-1-(2-propyl)elhylcarbamate. This colorless oil was dissolved In ethyl 
acetate (50 ml), and 4N HCI/ethyl acetate (50 ml) was added dropwise under ice-cooling. The mixture was stirred at 
room teirperature for 3 hours. The reaction product was filtered and washed with ethyl acetate-n-hexane (1 :1 , v/v) to 
give 1-((s)-2-amino-3-methyl-1-QxobutyO-4-(2-chtorophenyi)piperazine hydrochloride (3.32 g, 95.8%) as colorless crys- 
tals. 

Reference Exanrple 24 

Starting with N-tert-butoxycartx)nylglycine, the procedure of Reference Example 23 was repeated to give 1-(2- 
amino-1-oxoelhyl)-4-(2-chlorophenyl)piperazine hydrochloride (2.4 g. 90.4%) as colorless crystals. 

Reference Example 25 

Starting with N-tert-butoxycart>onyl-L-alanine, the procedure of Reference Exannple 23 was repeated to give 1-((s)- 
2-amino-1 -oxopropyl)-4-(2-chlorophenyl)piperazine hydrochloride (1 .7 g, 58.8%) as colorless crystals. 

Reference Ex ancle 26 

Starting with N-tert-butoxycarbonyl-L-isoleucine, the procedure of Reference Example 23 was repeated to give 1- 
((s)-2-amin(>-3-methyl-1-oxopentyl)-4-(2-chlorophenyl)piperazine hydrochloride (3.4 g, 90.2%) as colorless crystals. 

Reference Example 27 

Starting with N-tert-butoxycarbonyl-p-alanine, the procedure of Reference Example 23 was repeated to give 1-(3- 
amino-1-oxopropyO-4-(2-chlorophenyl)piperazine hydrochloride (2.9 g, 90.0%) as colorless crystals. 

Rgf^ffliggExamplg28 

Starting with N-tert-butoxycarbonylsarcosine, the procedure of Reference Example 23 was repeated to give 1-(2- 
methylamino-1-oxoethyl)-4-(2-chlorophenyOpiperazine hydrochloride (3.0 g, 93.3%) as colorless crystals. 

Reference Example 29 

Starting with N-tert-butoxycartwnyl-L-proline. the procedure of Reference Example 23 was repeated to give 1-(1- 
(2-pyrrolidinyl)-1-oxomethyl)-4-(2-chlorophenyl)piperazine hydrochloride (4.3 g, 98.0%) as colorless crystals. 

Reference Example 30 

Starting with N-tert-butoxycafbonyl-(s)Hacetamidomelhyi)-L-cysteine, the procedure of Reference Example 23 was 
repeated to give 1-((s)-2^mino-3-(acetylaminomethylthio)-1-QxopropyO-4-(2Krfilorophenyl)i)iperaz^ hydrochloride 
(4.0 g. 95.9%) as colorless crystals. 

Reference Example 31 

Starting with N-tert-butoxycarbonyl-L-methionlne. the procedure of Reference Example 23 was repeated to give 1- 



18 



EP0 771 565 A2 



((s)-2-amim>4-me*hylthio-1-oxo4)utyO-4-{2K:hlorop^ hydrochloride (3.7 g. 97.1%) as colorless crystals. 

Reference Example 32 

Starting with N-tert-txitoocycarbonyl-L-glutamine, the procedure of Reference Example 23 was repeated to give 1- 
((s)-2-amino-4<»rbamoyl-1-<Jxo4xrtyO-4-(2KrfitorophenyOpiperazi hydrochloride (2.7 g. 60.7%) as colorless crystals. 

Example 4 

To a solution of 1-(2-amino-1-oxo-3-phenylpropyl)-4-(4-fluorophenyl)piperazine hydrochloride (1.82 g. 5 mmol) in 
N.N-dimethylformamide (20 ml) was added triethylamine (0.697 ml. 5 mmol). and the mixture was stin-ed at room tem- 
perature for 1 0 minutes. To the reaction mixture was added ethyl p-nitrophenyl L-trans-epoxysuccinate (1 .41 g. 5 mmol). 
synthesized in accordance with the method of Tamai et al. [Chem. Pharm. Bull.. 35. 1098 (1987)]. and the mixture was 
stirred at room temperature for 20 hours. The reaction mixture was poured into cold water and extracted witii ethyl ace- 
tate. The extract was washed successively witii 1 wA/% aqueous ammonia, saturated brine, 0.1 N hydrochloric add, sat- 
urated brine, saturated aqueous sodium fiydrogencartxxiate solution, and saturated brine in tiie order mentioned, and 
the organic layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure. TTie resic^e 
was subjected to silica gel column chromatography, elution being carried out with ethyl acetale-hexane (1 :1 , v/v) to give 
ethyl (2s,3s)-3-[[[[(1s)-1-[[4-(4-fluorophenyI)-1-piperadinyOcarbonyO-2-phenyOethyQamino]ca 
(1.2 g, 51.1%; Compound 1). 

1 H NMR (CDCyS: 1 .31 (t. 3H. J=7.0 Hz. -C-CH3). 2.42-2.50 (m. 1 H. piperazine ring). 2.83-2.94 (m. 2H, piperazine 
ring). 3.00 (d, 2H. J=7.6 Hz. ph-CHg-C-), 2.97-3.07 (m, 1H. piperazine ring), 3.14-3.22 (m. 1H. piperazine ring), 3.35 (d. 
1 H, J=1 .9 Hz, epoxy ring). 3.43-3.52 (m. 1 H. piperazine ring). 3.64 (d. 1 H. J=1 .9 Hz. epoxy ring). 3.71 (t. 2H. J=5.4 Hz. 
piperazine ring), 4.25 (dq, 2H, J=7.3, 2.6 Hz, -O-CH2-C), 5.18 (q, 1H. J=5.3 Hz, -N-CH-CO), 6.75-6.83 (m, 2H. aro- 
matic). 6.91-7.04 (m, 2H, aromatic, 1H. NH), 7.17-7.34 (m, 5H, aromatic). 

Example 5 

Using 1-(2-amino-1-oxo-3-phenylpropyl)-4-{2-fluorophenyl)piperazine hydrochloride instead of 1-(2-amino-1-oxo- 
3-phenylproryl)-4-(4-fluorophenyl)piperazine hydrochloride, the procedure of Example 4 was repeated to give ethyl (2s. 
3s)-3-[l(1 s)-1 -[[4-(2-f luoropher^-1 -pipei^inyl]cartx)nyQ-2-phenyOelhyl]aminoJcarbonyOoxiranecarboxylate (0.83 g. 
58.6%: Compound 2). 

^ H NMR (CDCyS: 1 .31 (t. 3H. J=7.1 Hz. -C-CH3). 2.42-2.49 (m. 1 H. piperazine ring). 2.72-2.90 (m, 2H. piperazine 
ring), 3.02 (d. 2H. J=8.3 Hz, ph-CHg-C-). 2.94-3.1 0 (m. 1 H, piperazine ring). 3. 1 7-3.29 (m. 1 H, piperazine ring), 3.36 (d. 
1H, J=:1.7 Hz. epoxy ring). 3.44-3.57 (m. 1H. piperazine ring), 3.65 (d. 1H. J=1.3 Hz. epoxy ring). 3.66-3.80 (m. 2H. pip- 
erazine ring). 4.25 (dq, 2H, J=:7.1, 2.3 Hz, -aCHg-C), 5.19 (q. 1H. J=7.6 Hz, -N-CH-CO), 6.8 (t, 1H. J=8.3 Hz,-NH-), 
6.93-7.11 (m, 4H. aromatic). 7.18-7.34 (m, 5H, aromatic). 

Example 6 

Using 1-(2-amino-4-mettiyl-1-oxopentyl)-4-(4-fluorophenyI)piperazine hydrochloride instead of 1-(2-amino-1-oxo- 
3-phenylpropyl)-4-(4-fluorophenyl)piperazine hydrochloride, the procedure of Example 4 was repeated to give ethyl 
(2s,3s)-3-[[n(1 s)-1 -[[4-(4-f luoiophenyO-l -piperazinyllcarbonyO-3-melhylJbutyl]arTiino]carbonylloxiranecarbo^^ (0.30 
g, 45.6%; Confound 3). 

^H NMR (CDCl3)6: 0.93 (d. 3H. J=6.3 Hz. -C-CH3). 1.00 (d. 3H. J=6.3 Hz. -C-CH3). 1.32 (t. 3H. J=7.3 Hz. -C-CH3). 
1 .40-1 .63 (m. 3H. -C-CH2-CH-C2). 3.06-3.15 (m. 4H. piperazine ring). 3.49 (d, 1 H. J=1 .7 Hz, epoxy ring), 3.60-3.89 (m. 
4H, piperazine ring). 3.68 (d. 1H. J=1.7 Hz. epoxy ring), 4.26 (dq. 2H. J=7.3, 3.3 Hz. -OCHg-C). 5.03 (dt. 1H. J=8.91. 
4.3 Hz. -N-CH-CO). 6.85-7.03 (m. 5H. aromatic and -NH). 

Example 7 

Using 1-(2-amino-4-melhyl-1-oxopentyl)-4-phenylpiperazine hydrochloride instead of 1-(2-amino-1-oxo-3-phenyl- 
propyI)-4-(4-fluorophenyl)piperazine tiydrochloride. tiie procedure of Example 4 was repeated to give ettiyl (2s,3s)-3- 
[111(1 s)-H(4-phenyl-1-piperazinyl)cart)onyn-3-mettiyQbutyllamino]carbonyl]oxira^ (3.96 g, 63.3%; Com- 

pound 4). 

^H NMR (CDCl3)8: 0.93 (d. 3H. J=6.3 Hz. -C-CH3). 1.00 (d. 3H, J=6.3 Hz, -C-CH3). 1.32 (t. 3H. J=7.3 Hz. -C-CH3). 
1.40-1.63 (m. 3H, -C-CH2-CH-C2. 3.16^.24 (m, 4H, piperazine ring). 3.49 (d, 1H. J=1.7 Hz. epoxy ring). 3.60-3.89 (m. 
4H. piperazine ring), 3.68 (d. 1H. J=1.7 Hz. epoxy ring). 4.26 (dq, 2H. J=7.3. 3-3Hz. -O-CHg-C). 5.03 (dt. 1H. J=8.9. 
4.3Hz, -N-CH-CO), 6.90-6.95 (m, 4H. aromatic and -NH). 7.25-7.33 (m. 2H. aromatic). 
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Example 9 

Using 1-(2-amino-4-methylOK)xoperTty1)-4<Jimethylsulfamoylpiperazine hydrochloride instead of 1-(2-amino-1- 
Qxo-3-phenylpropyl)-4-(4'f luorophenyl)piperazine hydrochloride, the procedure of Example 4 was repeated to give ethyl 
(2s.3s)-3-[[II(1s)-14(4<limethylsuHarTX)yl-1-piperazinyl)ca^^ 
(3.7 g, 82.6%; Compound 5). 

NMR (CDCyS: 0.92 (d. 3H, J=6-3 Hz, -C-CH3). 0.89 (d. 3H. J=:6.3 Hz. -C-CH3). 1.32 (t. 3H. J=7.3 Hz. -C-CH3), 
1.38-1.60 (m, 3H. -C-CH2-CH-C2), 2.85 (s, 6H. -N-CH3). 3.15-3.38 (m. 4H. piperazine ring). 3.48 (d, 1H, J=1.7 Hz, 
epoxy ring). 3.52-3.68 (m. 3H, piperazine ring), 3.67 (d, 1H, J=1.7 Hz. epoxy ring). 3.79^.87 (m. 1H, piperazine ring). 
4.27 (dq. 2H. J=7.3. 4.0 Hz. -O-CHg-C), 4.96 (dt. 1H. J=8.9. 4.3 Hz, -N-CH-CO), 6.90 (d, 1H. J=8.6 Hz, -NH-). 

Example 9 

Using 1-(2'amino-4-methyl-lK>xopentyl)-4-(4-methylphenylsulfbnyl)piperazine hydrochloride instead of 1-(2- 
amino-1-oxo-3-phenylpropyO-4-(4-fhioropher^)piperazine tiydrochloride. the procedure of Example 4 was repeated to 
give ethyl (2s.3s)-3-[[I[(2s)-1 -[[4-(4-methylphenylsulfonyl)-l -piperazjnyOcartwnyO-S-nfretiyObutyllaminolca 
nyi]oxiranecartx)xylate (4.31 g. 95.1%; Compound 6). 

^H NMR (CDCyS: 0.87 (d. 3H, J=6.3 Hz. -C-CH3). 0.94 (d. 3H. J=6.3 Hz. -G-CH3), 1.30 (t, 3H. J=7.3 Hz. -C-CH3). 
1.31-1.55 (m. 3H. -C-CH2-CH-C2). 2.45 (s, 6H, -ph-CHg). 2.70-2.84 (m, 2H, piperazine ring). 3.22^.54 (m. 4H. pipera- 
zine ring), 3.43 (d, 1H. J=1.7 Hz, epoxy ring), 3.61 (d, 1H, J=2.0 Hz. ep(»cy ring). 3.68-3.78 (m, 1H, piperazine ring). 
3.96-4.06 (m. 1H. piperazine ring), 4.25 (dq. 2H. J=7.3. 4.0 Hz. -O-CHg-C). 4.87 (dt. 1H. J=9.2. 4.0 Hz. -N-CH-CO), 
6.81 (d. 1H, J=8.6 Hz. -NH-), 7.35 (d. 2H. J=7.9 Hz. aromatic). 7.63 (d. 2H, J=8.3 Hz, aromatic). 

Example 10 

Using 1-(2-amino-4-methyl-1-oxopentyl)^-(2-ctilorophenyOpiperazine hydrochloride instead of 1-(2-amino-1-oxo- 
3-phenylpropyl)-4-(4-fluorophenyl)piperazine hydrochloride, the procedure of Example 4 was repeated to give ethyl 
(2s,3s)>3-[[II(1s)-1 -[[4-(2K:htororienyO-1-piperazinyOcarbonyO-3-melhyObutyl]amino]ca^ (0.65 
g. 35.9%; Compound 7). 

^H NMR (CDCyS: 0.93 (d, 3H, J=6.3 Hz. -C-CH3). 1.01 (d. 3H, J=6.3 Hz. -C-CH3), 1.32 (t. 3H. J=7.3 Hz. -C-CH3), 

1.41- 1.61 (m. 3H. -C-CH2-CH-C2), 2.96-3.10 (m. 4H. piperazine ring). 3.49 (d. 1H, J=:2.0 Hz. epoxy ring), 3.61-3.81 (m, 
3H. piperazine ring), 3.68 (d. 1 H. J=2.0 Hz. epoxy ring). 3.90-3.98 (m. 1 H, piperazine ring). 4.27 (dq, 2H, J=7.3, 4.0 Hz. 
-O-CH2-C). 5.03 (dt, 1H. J=8.9. 4,3 Hz. -N-CH-CO), 6.91 (d, 1H, J^.6 Hz, -NH-). 7.00-7.06 (m, 2H, aromatic). 7.21- 
7.27 (m. 1H, aromatic), 7.37-7.41 (m, 1H. aromatic). 

Example 11 

Using 1-(2-amino-4-methyl-1-oxopentyl)-4-(3-chIorophenyl)piperazine hydrochloride instead of 1-(2-amino-1-oxo- 
3-phenytpropyO-4-(4-ftuorophenyQpiperazine hydrochloride, the procedure of Example 4 was repeated to give ethyl 
(2s.3s)-3-[[I[(1s)-1 -[[4-(3-chlorophenyO-1 -piperazinyqcartx)nyQ-3-methyQl)utyllarninolcartx)nyIl^^ (1 .24 

g. 68.4%; Compound 8). 

^H NMR (CDCl3)6: 0.93 (d. 3H. J=:6.3 Hz. -C-CH3). 1.00 (d. 3H, J=6.3 Hz. -C-CH3), 1.32 (t. 3H, J=7.3 Hz. -C-CH3), 

1.42- 1.63 (m. 3H. -C-CH2-CH-C2), 3.17-3.25 (m. 4H. piperazine ring). 3.48 (d. 1H. J=2.0 Hz. epoxy ring). 3.60-3.90 (m, 
4H. piperazine ring), 3.67 (d, 1H, J=2.0 Hz, epoxy ring), 4.27 (dq, 2H, J=7.3, 4.0 Hz. -aCH2-C). 5.02 (dt, 1H, J=8.9, 
4.3 Hz, -N-CH-CO), 6.77-6.81 (m, 1H. aromatic), 6.86-6.89 (m. 3H. aromatic and -NH). 7.16-7.22 (m. 1H. aromatic). 

Ex a m p le 12 

Using 1-(2-amino-4-methyl-1-oxopentyl)-4-(4-chlorophenyl)piperazine hydrochloride instead off 1-(2-ammo-1-oxo- 
3-phenylpropyl)-4-(4-fhJorophenyl)piperazine hydrochloride, the procedure of Exanple 4 was repeated to give ethyl 
(2s,3s)-3-[I[[(1s)-1 -[[4-(4-chlorophenyl)-1 -piperazinyl]cartx>nyl]-3-methyI]b)utyl]amino]cart)onyOoxiranecartx>xylate (0.55 
g. 27.1%; Compound 9). 

^ H NMR (CDCl3)5: 0.93 (d, 3H. J=6.3 Hz. -C-CH3). 1 .0 (d, 3H. J=6.3 Hz, -C-CH3). 1 .32 (t. 3H. J=7.3 Hz. -C-CH3), 
1.42-1.63 (m. 3H. -C-CH2-CH-C2). 3.12-3.20 (m. 4H. piperazine ring). 3.48 (d. 1H. J=2.0 Hz. epoxy ring). 3.60-3.90 (m. 
4H. piperazine ring), 3.67 (d. 1H, J=2.0 Hz. epoxy ring). 4.27 (dq, 2H, J=7.3. 4.0 Hz. -O-CH2-C). 502 (dt. 1H. J=8.9. 
4.3 Hz. -N-CH-CO). 6.83-6.87 (m, 2H, aromatic), 6.90 (d. 1 H. J=9.9 Hz, -NH), 7.21 -7.3 (m, 2H. aromatic). 
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Example 13 

Using 1-(2-amino-4-me1hyi-1-QxopenlyO-4-(4-methoxyphenyl)piperazine hydrochloride instead of 1-(2-amino-1- 
oxo-3i)henylpropyl)-4-(4-f luorophenyl)piperazine hydrochloride, the procedure of Exanrple 4 was repeated to give ethyl 
(2s,3s)-3-[[n(1 s)-1 -[[4-(4-nnelhQxyphenyl)-1 ■piperazinyOcart>onylh3-nfiethyObutyl]anriino]cart)onynoxlra^^ 
(0.94 g, 65.2%; Compound 10). 

NMR (CDCl3)5: 0.92 (d, 3H. J=6.6 Hz. -C-CH3), 1.00 (d. 3H. J=6.3 Hz, -C-CH3). 1.32 (t. 3H. J=7.3 Hz. -C-CH3), 
1,40-1.60 (m. 3H. -C-CHg-CH-Cg), 3.03-3.1 1 (m. 4H. piperazine ring), 3.49 (d, 1H, J=2.0 Hz. epoxy ring). 3.60-3.88 (m. 
4H. piperazine ring). 3.67 (d, 1H. J=2.0 Hz. epoxy ring). 3.78 (s. 3H, -OCH3), 4.27 (dq. 2H. J=7.3. 4.0 Hz. O-CHg-C). 
5.03 (dt, 1H, J=8.9, 4.3 Hz, -N-CH-CO), 6.83-6.96 (m, 5H. aromatic and -NH). 

Example 14 

Using 1-((s)-2-amino-3-methyl-1-oxobutyI)-4-(2-chlorophenyl)piperazine hydrochloride instead of 1-(2-amino-1- 
oxo-3i3henylpropyO-4-(4-f luorophenyOplperazine hydrocNoride. the procedure of Example 4 was repeated to give ethyl 
(2s.3s)-3-[[[[(1 s)-1 -[[4-(2-chlorophenyO-1 -piperazinyOcarl)onyll-2-methyOpropyQar™no]cart)o^ (1 .3 

g. 57.4%) as colorless oil. 

Example 15 

Using 1-(2-amino-1'Oxoethyl)-4-(2-chlorophenyl)piperazine hydrochloride instead off 1-(2-amino-1-axo-3-phenyl- 
propyl)-4-(4-fluorophenyl)piperazine hydrochloride, the procedure off Example 4 was repeated to give ethyl (2s,3s)-3- 
[Q[4-(2KrfilorophenyO-1i)iperazlnyl]cartx)nyOmethyOamino]carlx)nyOTO (1.75 g, 53.5%) as colorless 

oil. 

Example 16 

Using 1-((s)-2-amino-1-oxopropyl)-4-(2-chlorophenyi)pipera2ine hydrochloride instead of 1-(2-amino-1-oxo-3-phe- 
nylpropyl)-4-(4-fluorophenyl)piperazine hydrochloride, the procedure of Example 4 was repeated to give ethyl (2s.3s)- 
3-ni(1s)-H[4-(2<hlorophenyO-1i)lperazlnyOcartx>nyOelhyOamin (1.23 g. 55.0%) as 

colorless oil. 

Exanrple 17 

Using 1-((s)-2-amino-3-methyl-1-oxopentyl)-4-(2-chlorophenyl)piperazine hydrochloride instead of 1-(2-amino-1- 
oxo^-phenylpropyO-4-{4-f luorophenyOpiperazine hydrochloride, the procedure of Example 4 was repeated to give ethyl 
(2s,3s)-3-[III{1 s)-1 -[[4K2-chk)rophenyl)-1 -plperazinyl]carbonyO-2-m€thylJbutylJamirio]cari^ (1 48 

g, 56.6%) as coloriess oil. 

Example 18 

Using l-(3-amino-1-oxopropyl)-4-(2-chk>rophenyl)pipera2lne hydrochloride instead of 1-(2-amino-1-oxo-3-phenyl- 
propyl)-4-(4-fluorophenyl)piperazine hydrochloride, the procedure of Exanrple 4 was repeated to give ethyl (2s,3s)-3- 
[[I2-|I4-(2-chlorcphenyl)-1i3iperazinyOcartx)nyOethyqamino]cariDonyl]oxiraneca^ (1.16 g. 52.9%) as coloriess 
oil. 

Example 19 

Using l-(2-methylamino-1-oxoethyl)-4-(2-chtorophenyl)piperazine hydrochloride instead of 1-(2-amjno-1-oxo-3- 
phenylpropyl)-4-(4-fluorophenyOpiperazine hydrochloride, the procedure of Example 4 was repeated to give ethyl 
(2s.3s)-3-[[nN-[[4-(2-chlorophenyl)-l -piperazinyl]cartx)nyl]methyl]-N-methyOamino]carl)onyl]o)dranecaitx>xylate (1 .55 
g. 76.7%) as coloriess oil. 

Exanrole 20 

Using 1-(1-(2-pynrolidinyl)-lK>xomethyl)-4-(2-chlorophenyl)piperazine hydrochloride instead of 1-(2-amino-lH)xo-3- 
phenylpropyl)-4-(4-fluorophenyl)piperazine hydrochloride, the procedure of Example 4 was repeated to give ethyl 
(2s.3s)-3-[I(2s)-2^[4-(2-chIorophenyl)-1 -piperazinylJcartxMiyll-l -pyrrolidinylJcartXKiylloxiranecanxKylate (1 .42 g, 
49.9%) as coloriess oil. 
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ExamplQ21 

Using 1-((s)-2-amino-3-(acetylaminomemylthio)-1-oxopropyO-4-(2<hloropheiiy^ hydrochloride instead 

of 1-(2-amino-1-oxo-3-phenylpropyO-4-(4-fluorophenyl)pipefazine hydrochloride, the procedure of Example 4 was 
repeated to give eltyl (2s,3s)-3-[[n(1s)-1-n4-(2-chlorophenyl)-1-piperazinyQcarl)onyO-2-acetyl 
thio]elhyQamino]cart3onyqaxiranecaitx)xylate (1.19 g, 43.7%) as colorless oil. 

Examole 22 

Using 1-((s)-2-amino-4-methyHhio-1-CKobiJlyO-4-(2K;hlorophenyI)piperazi^ hydrochloride instead of 1-(2-amino- 
1-oxo-3-phenytpropyl)-4-(4-fluorophenyl)piperazine hydrochloride, the procedure of Example 4 was repeated to give 
ethyl (2s.3s)-3-[[I[(1 s)-1 -p-(2K;hlorophenyl)-1 -piperazinyl]cart)onyI]-4-methy!thlo]butyQamino]caitx)nyGQxiranecartx)x- 
ylate (1 .54 g. 61 .9%) as colorless oil. 

Examole 23 

Using 1-((s)-2-amino-4-cart)amoyl-1-oxot)utyl)-4-{2-chlorophenyl)piperazine hydrochloride instead of 1-(2-amino- 
1-Qxo-3-phenylpropyl)-4-(4-fluorophenyI)piperazine hydrochloride, the procedure of Example 4 was r^eated to give 
ethyl (2s.3s)-3-Il(1s)-1-n4^(2-chIoropheny1)-1-piperazinyqcarlx)nya-3^:ait)am^^ 
bo)^ate (0.2 g, 5.8%) as colorless oil. 

Example 24 

To a solution of elhyl (2s.3s)-3-[l(1s)-1-[[4-(4-fluorophenyl)-1i)iperazinyl]cartx>nyG-2i)henyQethyl]amino] 
nyqoxiranecaitnxylate (0.5 g. 1.06 mmo!) in elhanol (20 ml) was added 0.1 N sodium hydroxide/ethanol (16 ml) under 
ice-cooling and the mixture was stirred at room temperature for 20 hours. The reaction mixture was poured into cold 
water and acidified vnth 1 N hydrochloric add and the resulting white precipitate was recovered by filtration and dried. 
This precipitate was recrystallized from ethyl acetete-hexane to give (2s,3s)-3-[[[[(1s)-1-[[4-(4-fluorophenyl)-1-piperazi- 
nyl]cartx)nyl]-2-phenyl]ethyl]amino]cartx)nyQoxiranecart)Oxylicadd (0.36 g, 77.8%: Compound 11). 

NMR (CDCyS: 2.34-2.41 (m. 1H. piperazine ring), 2.82-2.96 (m. 2H, piperazine ring), 2.99-3.08 (m, 1H, piper- 
azine ring), 3.06 (d, 2H, J=7.3 Hz. ph-CH2-C-), 3.16-3.24 (m. 1H, piperazine ring). 3.49-3.58 (m. 1H. piperazine ring). 
3.55 (d, 1H, J=1.7 Hz. epoxy ring). 3.57 (d, 1H, J=:1.7 Hz, epoxy ring), 3.71 (t, 2H, J=5.1 Hz, piperazine ring), 4.5-6.0 
(brd, IN, -COOH). 5.23 (q. IN, J=7.9 Hz, -N-CH-CO). 6.74-6.82 (m. 2H, aromatic). 6.91-7.00 (m. 2H. aromatic). 7.20- 
7.35 (m. 5H. aromatic). 8.23 (d. 1H. J=a6 Hz, -NH-). 

Exanfple2$ 

Using ethyl (2s,3s)-3-I[[I(1 s)-1 -I[4-(2-f luorophenyl)-1 -piperazinyllcartx)nyl]-2-phenyQethyl]amino]carlx)nyl]oxirane- 
carlxjxytate instead of ethyl (2s.3s)-3-[[n(1s)-1-[[4-(4-fluorophenyl)-1-piperazinyl]cartK)nyn-2i3henyllethyl]amin^^ 
nyl]oxiranecartx)xylate. the procedure of Example 24 was repeated to give (2s.3s)-3-tttt(1s)-1-[[4-(2-fluorophenyl)-1- 
piperazinyQcart)onyQ-2-phenyOethyl]aminolcari3onyOoxiranecartx»cylic add (0.1 g. 29.6%; Compound 12). 

^H NMR (0003)8: 2.38-2.43 (m. 1H. piperazine ring), 2.83-2.93 (m. 2H. piperazine ring), 2.95-3.08 (m, 1H, piper- 
azine ring), 3.06 (d. 2H, J=7.6 Hz. ph-CH2-C-). 3.20-3.28 (m, 1H, piperazine ring), 3.49-3.66 (m. 1H, piperazine ring), 
3.55 (d. 1H, J=1.7 Hz. epoxy ring). 3.58 (d. 1H, J=1.3 Hz. epoxy ring). 3.67-3.80 (m, 2H, piperazine ring), 4.0-6.0 (brd. 
1H, -COOH), 5.23 (q, 1H. J=7.9 Hz. -N-CH-CO). 6.77-6.87 (m. 1H, aronratic), 6.93-7.09 (m. 3H. aromatic), 7.20-7.36 
(m. 5H. aromatic), 8.23 (d. 1 H. J=8.6 Hz. -NH-). 

Example 26 

Using ethyl (2s,3s)-3-[[II(1 s)-1 -[[4-(4-f luorophenyI)-1 -piperazinyl]cartx)nyl]-3-methyl]butyl]amino]cart>onyl]oxirane- 
carboxylate instead of ethyl (28.3s)-3-[ni(1s)-1-[[4-(4-fluorophenyl)-1i3iperazinyl]carbonyO-2-phenyOethyi]amino]ca^^ 
nyOoxiranecarboxylate. the procedure of Example 24 was repeated to give (2s.3s)-3-II[[(1s)-1-[[4-(4-fluorophenyl)-1- 
piperazinyOcart)onyl]-3-methyl]butyl]amino]carix>nyl]oxiranecartx)xylic add (0.13 g. 69.5%: Compound 13). 

^H NMR [CDO^S: 0.96 (d. 3H. J=€.6 Hz. -C-CH3). 0.99 (d. 3H. J=6.59 Hz. -C-CH^. 1.42 (ddd. 1H. J=14.1, 10.5. 
3.6 Hz, -C-CH2-C). 1.6-1.82 (m, 1H. -C-CH-C2), 169 (ddd, 1H. J=14.5. 10.7. 4.23 Hz. -C-CH2-C), 3.08-3.26 (m, 4H, 
piperazine ring), 3.55 (d. 1H. J=1.7 Hz. epoxy ring), 3.60-3.92 (m, 4H, piperazine ring), 3.62 (d. 1H. J=1,8 Hz, epoxy 
ring). 5.08 (ddd, 1H, J=10.6. 8.6, 3.6 Hz. -N-CH-CO), 5.2-6.4 (brd, 1H, -COOH). 6.84-7.03 (m, 4H. aromatic), 8.18 (d. 
1H.J=8.6Hz.-NH-). 
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Example 27 

Using ethyl {2s.3s)-3-II[I(1 s)-1 -[(4iDhenyl-1 -p'peraziriyOcartx)nyQ-3-methynbutynamino]cartx>n^^^ 
late instead of ettiyl (2s.3s)-3-[[[[(1 s)-l -[[4-(4-f luoroptienyl)-! i>iperazinyllcai1x)nyIl-2-ptienyl]elhyOamino]cart)o- 
nyl]oxiranecarboxylate. the procedure of Example 24 was repeated 1o give (2s,3s)-3-IIII(1s)-1-I(4-phenyl-1- 
piperazinyl)cartx)nyO-3-methyl]butyl]amino]cartx)nyl]oxiranecart)oxylic acid (1 .06 g. 29.1%; Compound 14). 

1 H NMR (CDCyS: 0.96 (d. 3H. J=6.6 Hz, -C-CH3). 0.99 (d. 3H. J= 6.26 Hz. -C-CH3). 1 .37-1 .47 (m. 1 H. -C-CH-Cg), 
1 64-1 .80 (m, 2H, -G-CHg-C-). 3. 1 7-3.36 (m. 4H, piperazine ring), 3.55 (d, 1 H, J=1 .7 Hz. epoxy ring), 3.62 (d, 1 H. J=1 .3 
Hz. epoxy ring), 3.70-3.90 (m. 4H, piperazine ring). 5.10 (m, 1H, -N-CH-CO). 6.5-7.5 (brd, 1H. -CXXDH). 6.87-6,96 (m. 
3H, aromatic). 7.27-7.33 (m, 2H. aromatic), 8.20 (d, 1H, J=8.6 Hz. -NH-). 

Example 28 

Using ethyl (2s.3s)-3-[[II(1s)-1 -[(4-dimethylsulfamoyl-l -piperazinyl)carbonyl]-3-methyl]lxityl]amino]cartx>- 
nyl]oxiranecartx>xylate instead of ethyl {2s.3s)-3-I[n(1s)-1-I[4-(4-fluorophenyl)-1-piperazinyOcartxxiyl]-2-phe- 
nyl]elhyOamino]cartx)nyl]Qxirane cartxwylate, the procedure of Example 24 was repeated to give (2s,3s)-3-[I[[(1 s)-1 -[(4- 
dimethylsulfamoyl-1-piperazinyOcartx)nyl]-3-methyObutyOamino]cait)onyQQxira^ acid (1.28 g. 39.0%; Com- 

pound 15). 

^H NMR (CDa3)6: 0.94 (d. 3H. J=6.3 Hz. -G-CH3). 0.96 (d. 3H. J= 5.6 Hz, -C-CH3). 1 .36-1 .44 (m. 1 H. -C-CH-C2). 
1.61-1.68 (m, 2H, -C-GHj-C-), 2.85 (s, 6H. -N-GH3), 3.17-3.35 (m. 4H. piperazine ring), 3.48-3.60 (m. 2H, piperazine 
ring), 3.58 (d. 1H. J=1.7 Hz. epoxy ring). 3.62 (d, 1H, J=1.7 Hz. epoxy ring). 3.70-3.80 (m. 1H. piperazine ring). 3.83- 
3-95 (m. 1H. piperazine ring). 4.95-5.05 (m, 1H. -N-CH-CO), 7.7-8.1 (Ixd. 1H, -COOH). 7.94 (d. 1H. J=8.6 Hz. -NH-). 

Example 29 

Using ethyl (2s,3s)-3-[n[(1 s)-1 -[[4-(4-methylphenylsulfonyl)-1 -piperazii>yQcartx)nyO-3-methyO-butyaamino]can)o- 
nyl]oxiranecartx>xylate instead of ethyl (2s,3s)-1-[[n(1s)II4-(4-fluorophenyl)-1-piperazinyQcart)onylI-2-phe- 
nyl]ethyl]amino]cartx>nyl]oxiranecartx>xy!ate, the procedure of Example 24 was repeated to give (2s,3s)-3-n[[(1s)-1-p- 
(4-methylphenylsulfonyl)-1-piperazinyOcartx)nyO-3-methyObutyOamino]^ acid (2.8 g, 70.0%; 

Compound 16). 

^H NMR (GDCyS: 0.90 (d, 3H. J=6.6 Hz. -G-CH3. 0.93 (d. 3H. J=6.6 Hz, -C-CH3). 1.23-1.33 (m. 1H, -G-GH-C2). 
1.53-1.67 (m, 2H. -C-CHg-C ). 2.45 (s, 3H, -ph-CHa). 2.73-2.91 (m. 2H. piperazine ring). 3.28-3.59 (m. 4H. piperazine 
ring). 3.45 (d. 1H. J=1.7 Hz, epoxy ring). 3.48 (d. 1H. J=1.7 Hz, epoxy ring), 3.70-3.83 (m. 1H. piperazine ring). 3.98- 
4.08 (m, 1H. piperazine ring). 4.85- 4.97 (m, 1H, -N-CH-CO), 7.35 (d, 2H, J=7.9 Hz, aromatic). 7.63 (d, 2H, J= 8.3 Hz, 
aromatic). 7.97 (d. 1 H, J=8.6 Hz, -NH-). 

Example 30 

Using ethyl (2s.3s)-3-n[I(1s)-1-p-(2-chlorophenyl)-1-piperazinyl]cart)onyQ-3-melhyl]lxJtyl]amino]^ 
carboxylate instead of ethyl (2s,3s)-3-[[II(1s)-1-[[4-(4-fluorophenyO-1-piperazinyl]cart)onyq-2-phenyO^^ 
nyl]oxiranecarlx)xylate. the procedure of Exan^e 24 was repeated to give (2s,3s)-3-[I[[(1s)-1-[I4-(2-chlorophenyl)-1- 
piperazinyl]cartxmyO-3-melhylJbutyQamino]cartx)nyl]pxiranecar^^ (0.41 g, 67.2%; Compound 17). 

^ H NMR (CDCyS: 0.97 (d. 3H. J=6.9 Hz. -C-CH3). 0.98 (d. 3H. J= 7.3 Hz. -C-CH3). 1 .38-1 .47 (m, 1 H. -G-CH-Cg). 
1.65-1.77 (m. 2H. -C-CHg-C-), 2.98-3.19 (m. 4H. piperazine ring). 3.55 (d. 1H, J=1.7 Hz. epoxy ring), 3.61-3.77 (m, 2H. 
piperazine ring). 3.64 (d, 1H. J= 1.7 Hz. epoxy ring), 3.77-3.89 (m. 1H. piperazine ring). 3.89-4.15 (m, 1H. piperazine 
ring). 5.04-5.18 (m. 1H, -N-CH-CO). 7.00-7.06 (m. 2H. aromatic). 7.21-7.28 (m, 1H. aromatic). 7.37-7.41 (m.1H. aro- 
matic). 8.25 (d, 1 H. J=8.9 Hz, -NH-). 

Exanrple 31 

Using ethyl (2s,3s)-3-[ffl(1s)-1-Il4-(3-chlorophenyl)-1-piperazinyl]cartx)nyO-3-methyl]butyl]anrw 
cartxsxylate instead of ethyl (2s.3s)-3-I[I[(1s)-1-[[4-(4-fluorophenyO-1-piperazinyl]cartx)nya-2-ph 
nylloxiranecariDoxylate. the procedure of Example 24 was repeated to give (2s,3s)-3-ni[(1s)-1-|I4-(3-chlorophenyl)-1- 
pipefazinyl]cartx)nyQ-3-melhyl]!xjtyl]amino]cartxjnylJoxiranecartx)xyfi^ acid (0.39 g, 67.2%; Compound 18). 

^H NMR [CDQ^b: 0.96 (d, 3H, J=6.6 Hz. -C-CH3). 0.99 (d. 3H, J= 6.6 Hz, -C-CH3). 1.36^1.47 (m. 1H. -G-GH-C2). 
1 .64-1 .80 (m, 2H. -C-CH2-C-). 3.18-3.36 (m, 4H, piperazine ring), 3.53 (d. 1 H, J=1 .7 Hz. epoxy ring). 3.60-3.92 (m, 4H. 
piperazine ring). 3.62 (d, 1 H. J= 1 .7 Hz. epoxy ring). 5.04-5.1 2 (m, 1 H. -N-CH-CO), 5.5-6.5 (brd. 1 H. -COOH). 6.77-6.82 
(m. 1H. aromatic). 6.88-6.90 (m, 2H. aromatic), 7.17-7.23 (m, 1H. aromatic), 8.21 (d. 1H. J=8.6 Hz. -NH-). 
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ExampiQ32 

Using ethyl (2s,3s)-3-II[[(1 s)-1 -[I4-(4-chlorDphenyl)-1 i3iperazinyl]cart)onyn-3-methyl]biityl]amino]carbony^^ 
cariaoxylate instead of ethyl (2s.3s)-3-[in{1s)-1-[[4-(4-fluorophenyO-1i3iperazinyllc^ 

nyl]oxiranecart)oxylate, the procedure of Example 24 was repealed to give (2s.3s)-3-I[[I(1s)-1-D[4-(4-chlorophenyl)-1- 
pjpera2inyOcartx)nyO-3-melhyl]butyl]amino]cartx>nyl]oxiranecartx>xylic acid (0.33 g. 63.4%; Compound 19). 

^ H NMR (CDCyS: 0.^ (d. 3H. J=6.6 Hz. -C-CH3). 0.99 (d. 3H. J= 6.59 Hz. -C-CH3). 1 .36-1 .47 (m. 1 H. -C-CH-C2). 
1.64-1.80 (m. 2H. -C-CH2-C-), 3.10^.31 (m, 4H, piperazine ring). 3.54 (d, 1H. J=1.7 Hz, epoxy ring), 3.58-3,93 (m. 4H, 
piperazine ring). 3.62 (d. 1H. J= 1,7 Hz. epoxy ring), 5.04-5.12 (m. 1 H. -N-CH-CO). 4.8-6.5 (brd. 1H, -COOH). 6.82-6.88 
(m. 2H, aromatic). 7.21 -7.26 (m, 1 H, aromatic), 8.18 (d. 1 H, J=8.9 Hz. -NH-). 

Examole 33 

Using ethyl (2s.3s)-3-Il(1s)-1-II4-(4-methoxyphenyO-1i3iperazinyl]cartx)nyO-3-me1hyll^ 
nylJoxiranecarix>xy!ate Instead off ethyl (2s.3s)-3-[[n(1s)-1-[[4K4'fluorophenyl)-1i)iperazinyflcarlx)nyl]-2^^ 
ny!]ethyl]amino]cartx)nyIloxirancart)Oxyiate. the procedure of Example 24 was repeated to give (2s,3s)-3-[[[I(1s)-1-II4- 
(4-methoxyphenyI)-1-piperazinyOcarlx)nyl]-3-methyni)utyQamino]cartx)nyOQxiranecart^ acid (0.49 g, 56.7%; Com- 
pound 20). 

NMR (CDCyS: 0.95 (d. 3H. J=6.3 Hz. -C-CH3). 0.99 (d. 3H. J=6.6 Hz. -C-CH3). 1.38-1.46 (m. 1H. -C-CH-Cg), 
1.63-1.80 (m, 2H. -OCHg-C-). 3.05-3.19 (m. 4H. piperazine ring), 3.55 (d. 1H. J=1.7 Hz. epoxy ring), 3.60-3.90 (m. 4H. 
piperazine ring). 3.62 (d. 1H. J= 1.7 Hz. epoxy ring). 5 06-5.13 (m. 1H, -N-CH-CO). 4.8-5.8 (brd. 1H. -COOH), 6.84^ 
7.00. (m. 4H. aromatic). 8.14 (d. 1H. J=8.6 Hz, -NH-). 

Example 34 

Using ethyl (2s,3s)^-[in(1s)-1-II4-(2-chlorophenyl)-1-piperazinyOcartx)nyQ-2-metty^ 
nyl]oxiranecart)oxylate instead of ethyl (2s.3s)-3-n[I(1s)-1-B4.(4^fluorophenyl)-1i)iperazinyOcarl)onylJ-2i)h^ 
nyi]ethyl]amino]cartx)nyl]oxiranecartx>xylate. the procedure of Example 24 was repealed to give (2s,3s)-3-[[[[(1s)-1-[I4- 
(2-chlorophenyl)-1-piperazinyl]cartx>nyG-2-methyl]propyOamino]cartx>nynQxirane^ add (1.09 g. 89.5%; Com- 

pound 21 ) as colorless crystals. 

^H NMR (CDCl3)6: 0.98 (d.3H. J=6.6 Hz. -C-CH3). 1.01 (d, 3H. J=6.6 Hz. -C-CH3. 2.10 (m. 1H. -CH-Cg). 2.98-3.14 
(m. 4H, piperazine ring). 3.64 (d. J=1 .6 Hz, 1 H. epoxy ring), 3.66 (d. 1 H, J=1 .6 Hz, epoxy ring), 3.68-4.01 (m. 4H, pip- 
erazine ring). 4.98 (dd. 1H. J=8.9. 5.9 Hz. -N-CH-CO). 7.00-7.06 (m. 2H. aromatic), 7.24 (m. 1H. aromatic), 7.39 (m. 
1H. aromatic). 8.29 (d.lH. J=8.9, -NH). 

Example 35 

Using ethyl (2s.3s)-3-[[I[[4-(2K;hlorophenyl)-1-piperazinyQcarlx>nyl]methyOamino]cartx>nyl]oM 
instead of ethyl (2s,3s)-3-[[[I(1s)-1-B4-(4-fluorophenyl)-1-piperazinyncartx)nya-2i)henynethyl]amino]carto^ 
cartDoxylate. the procedure of Example 24 was repeated to give (2s.3s)-3-[[I[I4-(2-chlorophenyl)-1-piperazinyQcarl)0- 
nyl]methyllamino]cart)onyQoxiranecart)oxylic acid (1.08g. 66.5%; Compound 22) as colorless crystals. 

^H NMR (CDa3)S: 3.02-3.09 (m. 4H. piperazine ring), 3.63 (m, 2H. piperazine ring), 3.66 (d. 1H. J=1.6 Hz, epoxy 
ring), 3.78 (d, 1H.J= 1.6 Hz. epoxy ring), 3.80 (m. 2H. piperazine ring). 4.11 (dd. 1H, J=17.0. 5.4 Hz. -N-CH-CO). 4.33 
(dd. 1H. J=17.0, 5.4 Hz. -N-CH-CO). 6.99-7.05 (m. 2H. aromatic). 7.23 (m. 1 H, aromatic). 7.38 (m. 1H. aromatic), 8.67 
(brd.1H.-NH). 

Example 36 

Using ethyl (2s,3s)-3-[[[{1 s)-1 -[[4-(2-chlorophenyl)-1 -piperazinyGcart)onyl]ethyl]am!no]carl)onyl]oxiranecart)oxylate 
instead of ethyl (2s,3s)-3-lIB(1s)-1-[I4-(4-fluorophenyi)-1-piperazinyOcartK)nyO-2i)henynethyl]ami 
cart)oxylate. the procedure of Example 24 was repealed to give (2s.3s)"3-[II(1s)-1-I[4-(2-chlorophenyl)-1-piperazi- 
nyl]cart)onyIlelhyllamino]cart)onyl]oxiranecarlxsxylic add (0.87 g. 77.5%; Compound 23) as colorless crystals. 

^H NMR (CDCyS: 1.41 (d.3H. J=6.8 Hz. -C-CH3). 2.98-3.13 (m,4H. piperazine ring). 3.61 (d. 1H,J= 1.6 Hz. epoxy 
ring). 3.63 (d. 1H. J=: 1.6 Hz. epoxy ring). 3.67-3.84 (m. 3H, piperazine ring). 3.95 (m. 1H, piperazine ring). 5.06 (dq, 
1 H. J=8.4. 6.8 Hz, -N-CH-CO). 7.00-7.06 (m, 2H. aromatic), 7.24 (m, 1 H, aromatic), 7.39 (m. 1H. aromatic), 8.13 (d. 1 H, 
J=8.4. -NH). 
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Example 37 

Using ethyl (2s,3s)-3-n[[(1s)-1-[[4-(2K;hlorophenyO-1-piperazinyl]carbonyl]-2-methyl]fc^ 
carboxylate instead of ethyl (2s,3s)-3-[ni(1s)-1-[[4-(4^luor<)phenyO-1-piperazlnyl]cart^ 

nyl]oxiranecarboxylate, the procedure of Example 24 was repeated to give (2s,3s)-3-II[[(1s)-1-[[4-(2-chlorophenyl)-1- 
pipera2inyl](arl)onyO-2-melt^]biJtyl]arnino]cartx>nyl]^^ acid (1.07 g, 77.4%; Compound 24) as colorless 

crystals. 

NMR (CDCl3)5: 0.92 (t. 3H. J=7.3 Hz. -C-CH3), 1.00 (d. 3H. J=6.8 Hz. -C-CH3). 1.22 (m, 1H, -CH-Cg-), 1.54 (m. 
1H. -CH-C). 1.84 (m. 1H, -CH-C). 2.97-3.17 (m, 4H, piperazine ring). 3.60 (d. IN, J=1.6 Hz. epoxy ring). 3.64 (d. 1H. 
J=1.6 Hz, epoxy ring), 3.6M.79 (m, 2H, piperazine ring), 3.85-4.05 {m. 2H. piperazine ring). 4.98 (dd. 1H. J=9.2. 6.3 
Hz. -N-CH-CO), 7.00-7.06 (m. 2H, aromatic). 7.24 (m, 1H. aromatic). 7.39 (m. 1H. aromatic). 8.29 (d. 1H. J=:9.2. -NH). 

Example 38 

Using ethyl (2s.3s)-3-IB2-[I4-(2-chlorophenyl)-1i)iperazinyQcarbonyOethyQamino]carto 
instead of ethyl (2s.3s)-3-[[[[(1s)-1-[[4-(4-fluorophenyl)-1i)iperazinyOcarlx)nyn-2-phenyll^ 

cartx)xylate. the procedure of Example 24 was repeated to give (2s.3s)-3-[II2-n4-(2-chlorophenyl)-1i3iperazinyOcart)o- 
nyl]ethyl]amino]cartx>nyllaxiranecait)oxy1ic acid (0.85 g, 78.9%; Compound 25) as colorless crystals. 

^H NMR (DI^SOKle)*- 2-56 (t. 2H. J=6-9 Hz. -C-CHg-CO). 2.91-2.98 (m. 4H, piperazine ring). 3.35 (td, 2H. J=6.9. 
5.6 Hz, N-CH2-C). 3.49 (d, 1H, J=2.0 Hz, epoxy ring), 3.59 (d. 1H. J=1.6 Hz. epoxy ring), 3.56-3.64 (m, 2H, piperazine 
ring). 3.80 (m, 2H, piperazine ring). 7.07 (td, 1 H. J=7.9. 1 .7 Hz, aronrratic). 7.1 5 (dd. 1 H. J=7.9, 1 .7 Hz, aromatic), 7.43 
(dd, 1H, J=7.9, 1.7 Hz. aromatic), 7.31 (m, 1H, aromatic). 8.40 (t, 1H, J=5.6 Hz, -NH), 13.50 (brd, 1H, -COOH). 

Example 39 

Using ethyl (2s,3s)-3-[n[N-II4-(2-chlorophenyO-1 l)iperazinyOcart)onyOmethyQ-N-methyl]amin 
cart)oxylate instead of ethyl (2s,3s)-3-[[tt(1s)-1-[[4-(4-fluorophenyl)-1-piperazinyncaft)onyQ-2-p^ 
nyl]oxiranecarix>xylate, the procedure of Example 24 was repeated to give (2s,3s)-3-[[[[N-[[4-(2-chlorophenyl)-1- 
piperazinyl]cartx)nyOmethyQ-N-melhyl]amino]cartx)nyl]oxiranecari30xylic add (1.08 g, 74.8%; Compound 26) as color- 
less crystals. 

NMR (CDCyS: 3.01-3.10 (m, 6H, piperazine ring). 3.27 (s. 3H. -NCH3). 3.63-3.71 (m. 2H. -N-CHg-CO). 3.75 (d. 
1 H. J=1 .9 Hz, epoxy ring). 3.78^.90 (m, 2H. piperazine ring), 4.02 (d, 1 H. J=1 .9 Hz, epoxy ring), 6.98-7.05 (m, 2H, aro- 
matic), 7.24 (m, 1H. aromatic), 7.36 (m, 1H, aromatic). 

Example 40 

Using ethyl (2s.3s)-3-n(2s)-2-tt4-(2-chlorophenyl)-1-piperazlnyOcariDonyl]-1i>yTO 
late instead of ethyl (2s,3s)-3-[[II(1 s)-1 -[[4-(4-f luorophenyl)-1 -piperazinyl]cartx)nyl]-2-phenyl]ethyl]amino]carlx>- 
nyi]oxiranecartx>xylate, the procedure off Example 24 was repeated to give (2s,3s)-3-[I(2s)-2-[[4-(2-chloro-phenyl)-1- 
piperazinyllcarl)onyO-1-pyrrolidinyOcarl)onyOoxiranecarlx>^ acid (0.94 g. 7.07%; Compound 27) as colortess crys- 
tals. 

^ H NMR (CDCl3)S: 1 .94-2.1 1 (m. 2H. pyrrolidine ring). 2.17-2.30 (m, 2H, pynrolidine ring). 3.06-3.20 (m. 4H, piper- 
azine ring), 3.63-3.76 (m. 2H. piperazine ring), 3.81^.85 (m. 5H). 4.00 (dt, 1H, J=13.7. 4.4 Hz, pyrrolidine ring), 4.96 
(dd. 1H. J=7.8, 4.3 Hz, pyrrolidine ring), 6.97-7.04 (m, 2H, aromatic), 7.24 (m, 1H. aromatic). 7.37 (m, 1H, aromatic). 

Exanple 4i 

Using ethyl (2s,3s)-3-[[[[(1 s)-1 -[[4-(2KJhlorophenyl)-1 -piperazinyl]cartx)nyl]-2-acetylaminomethyfthiolethyQamino] 
cartx)nyl]oxiranecart)oxyiate instead of ethyl (2s.3s)-3-niI(1s)-1-B4-(4-fluorophenyl)-1-piperazinyl]cart)onyl]-2^^^ 
nyl]ethyl]amino]cartx>nyI]oxiranecartx)xylate, the procedure of Example 24 was repeated to give (2s,3s)-3-[[[I(1s)-1-I[4- 
(2-chlorophenyl)-1-piperazinyQcartx>nyO-2-acetylaminomethylthio]ethyl]amino]cariw acid (0.88 g, 

77.9%; Compound 28) as coloriess crystals. 

^H NMR (CDCyS: 2.05 (s. 3H. -COCH3). 2.85 (dd. 1H. J=13.9. 8.3 Hz. -C-CH-S). 2.96-3.16 (m, 5H). 3.69 (d, 1H, 
J=:1 .6 Hz. epoxy ring), 3.78 (d. 1 H. J=1 .6 Hz. epoxy ring). 3.71-3.89 (m. 4H, piperazine ring), 4.39 (d. 2H. J=8.3 Hz, -S- 
CH2-N). 5.21 (m. 1H. -N-CH-CO). 6.97-7.02 (m, 2H, aromatic). 7.22 (m, IN. aromatic). 7.36 (m, 1H. aromatic). 7.80 (d, 
1H, J=a3, -NH), 9.00 (Ixd, 1H, -NH). 
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Example 42 

Using ethyl (2s,3s)-3-[[I[(1s)-1 -[[4-(2<^lorophenyO-1 -piperazinyncarbonyQ-3-me%lthio]propyl]amino]carbo- 
nyljoxiranecarboxylate instead of ethyl (2s,3s)-3-[[[[(1 s)-1 -|I4-(4^f luorophenyl)-1 -piperazinyOcart)onyI]-2-phe- 
nyt]ethyqamino]cart>onyqaxiranecarboxylate. the procedure of Example 24 was repeated to give (28.3&)-3-[[[I(1s)-1-[[4- 
(2<hlorophefiyl)-1iDiperazinyl]carkx)nyO-3-methylthio]propyOamino]cart>^ acid (1.17 g. 80.7%; 

Corrpound 29) as colorless crystals. 

^ H NMR (CDCyS: 1 .98 (dd. 2H. J=6.9, 6.6 Hz, -CH-C-C), 2. 1 2 (s. 3H. -SCH3). 2.57 (dt. 2H. J=6.9, 2.3 Hz. -C-CHg- 
C-S). 3.05-3.19 (m. 4H. piperazine ring), 3.63 (d, IH. J=1.9 Hz, epoxy ring), 3.65 (d, 1H, J=: 1.9 Hz, epoxy ring), 3.71- 
3.94 (m. 4H, piperazine ring), 5.26 (m. IH. -N-CH-00), 7.00-7.06 (m, 2H, aromatic), 7.24 (m, IH, aromatic), 7.38 (m. 
IH. aromatic). 8.18 (d, IH, J==8.6. -NH). 

Example 43 

Using ethyl (2s.3s)-3-IIII(1 s)-1 -[[4-(2-chlorophenyl)-1 i3iperazinyl]cartx>ny0-3Haubamoy0propyl]an™no]cart)O- 
nylJoxiranecariDOxylate instead of ethyl (2s,3s)-3-[III(1s)-1-[I4-(4-fluorophenyl)-1-piperazinyOcartx)nyl]-2-phe- 
nyl]ethyl]amino]cartx)nyl]Qxiranecart)oxylate. the procedure of Exanple 24 was repealed to give (2s,3s)-3-[[I[(1s)-1-[[4- 
(2^hlorophenyl)-1i>iperazinyl]cartx)nyl]-3-carl)amoyapropyOamlno]cart^ acid (0.14 g, 74.5%; 

Compound 30) as colorless crystals. 

^H NMR (CDCye: 1.85 (bid, 2H, -NHg), 2.14 (m, IH, -C -CH-C-CO-). 2.36-2.53 (m, 3H. -CH-CHg-C-CO-), 2.89- 
3.06 (m. 4H, piperazine ring), 3.57-3.79 (m. 6H. piperazine and epoxy ring), 5.02 (m. IH. -N-CH-CO). 6.96-7.02 (m, 2H, 
aromatic), 7.21 (m, IH, aromatic), 7.37 (m, IH, aromatic), 7.88 (brd. 1H, -NH). 

Example 44 

Using ethyl (2s,3s)-3-[II(1s)-1-|I4-(4-fluorophenyl)-1-piperazinyOcarbonyl]-1-cydopentyl]aminolc^ 
carboxylate instead of ethyl (2s.3s)-3-[[n{1s)-1-[[4-(4-fluorophenyO-1-piperazinyl]carbonyO-2-phenyOelhyl]^ 
nyl]oxiranecariDOxylate, the procedure of Example 24 was repeated I0 give {2s,3s)-3-[II(1s)-1-n4-(4-fluorophenyl)-1- 
piperazlnyQcartwnyO-l-cydopentyllaminolcariDonylloxiranecartwxyiic acid (0.52 g, 55.6%; Compound 31) as colorless 
crystals. 

^H NMR (DMSO-d6)6: 1-61 (m, 4H. cyclopenlyl), 1.87 (m, 2H. cydopentyl), 2.22 (m. 2H, cyclopentyl), 2.97 (m, 4H. 
piperazine). 3.45 (d. IH, J=1.6 Hz, epoxy ring), 3.58 (d. IH. J=2.1 Hz, epoxy ring). 3.60 (m, 4H. piperazine ring), 6.95- 
7.20 (m. 4H. aromatic). 8.89 (s, 1 H. -NH). 13.4 (brd, 1 H, -COOH). 

Example 45 

To a solution of the (2s.3s)-3-[II[(1s)-1-l[4-(4-melhylphenylsuHonyl)-1-piperazinyOcarbonyO-3-mett^^ 
amino]carbonylloxiranecartx>xylic acid (0.935 g, 2 mmol) obtained in Example 29 in dichloromethane (15 ml) were 
added o-l)enzylhydraxylamine (0.638 g, 4,0 mnx>l) and N-melfiylmorpholine (0.405 g, 4.0 mmol). Then, a solution of 
dicyclohexylcartxxlitmide (0.619 g. 3.0 mmol) in dichloromethane (5 ml) was added dropwise under ice-cooling. The 
mixture was stirred at room tenrperature for 24 hours, at the end of which time it was filtered. The precipitate was 
washed with dichloromethane (20 ml) and the washing and the filtrate were pooled and washed with water. The organic 
layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure and the residue was 
chromatographed on silica gel. Elution was carried out with ethyl acetate-hexane (2:1 , v/v) to provide (2s.3s)-3-[[[[(1 s)- 
1 -[[4-(4-methylphenylsulf6nyl)-1 -piperazlnyl]caibonyQ-3-nfiethyl]bulyl]anrano]carbonyOQxiranec^ 
(0.86 g. 75.1%; Compound 32). 

^H NMR (CDCyS: 0.84 (d. 3H. J=6.2 Hz. -C-CH3). 0.91 (d. 3H, J= 6.5 Hz, -C-CH3). 1.23-1.31 (m. IH. -C-CH2-C). 
1.36-1.58 (m. 2H. C-CH-C, -C-CH-C2). 2.43 (s. 3H. -ph-CHg), 2.72-2.86 (m. 2H. piperazine ring), 3-14-3.27 (m, 2H. 
piperazine ring), 3.31-3.51 (m, 2H, piperazine ring). 3.40 (d. IH, J=1.4 Hz, epoxy ring). 3.43 (d, IH, J=1.7 Hz, epoxy 
ring), 3.63-3.74 (m, 1 H, piperazine ring), 3.84-3.98 (m, 1 H. piperazine ring), 4.80-4.90 (m. 1 H, -N-CH-CO), 4.87 (s. 3H. 
-0-CH2-ph), 7.30-7.40 (m. 8H. aromatic, -NH-). 7.56-7.66 (m, 2H. aromatic), 9.05 (s. IH, -NH-). 

Example 46 

To a solution of the (2s,3s)-3-III[(1s)-1-[[4-(4-methylphenylsulfonyl)-1i)iperazinyl]caibonyQ-3-melhy^ 
aminolcarbonyQ oxiranecarbobenzyloxamide (0.57 g, 1 mmol) obtained in Example 45 In methanol (25 ml) was added 
a catalyst amount of palladium-on-cartx)n and catalytic reduction was carried out. After completion of the reaction, the 
palladium-on-carfoon was filtered off and the filtrate was concentrated and chromatographed on silica gel. Elution was 
carried out with ethyl acetate to provide (2s,3s)-3-[I[[(1s)-1-[I4-(4-methylphenylsuHbnyl)-1-piperazinyI|carbonyl]-3- 
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methyi]butynamino]carbonyl]oxiranecarbohydroxamic acid (0.18 g, 37.3%; Conpound 33). 

NMR (CDCye: 0.84 (d. 3H, J=5.9 Hz, -C-CH3), 0.90 (d. 3H. J=5.9 Hz, -C-CH3), 1.24-1.33 (m. 1H. -C-CH2'C). 
1.50-1.64 (m. 2H. -OCH-C, -C-CH-C2), 2.42 (s, 3H. -ph-CHs). 2.90-3.20 (m. 4H. piperazine ring). 3.44-3.80 (m. 3H, 
piperazine ring), 3.51 (s, 1H. epoxy ring), 3.68 (s, 1H. epoxy ring), 4.56-4.66 (m. 1H. piperazine ring), 4.76-4.90 (m, IN, 
5 -N-CH-00), 7.33 (d. 2H. J=7.8 Hz. aromatic), 7.62 (dd, 2H, J=7.8. 1.7 Hz. aromatic), 7.84-7.94 (Ixd, 1H, -NH-), 9.80- 
10.40 (bid, 1H, -OH). 

Example 47 Tablets 



Compound 23 


80 mg 


Starch 


17mg 


Magnesium stearate 


3mg 



The above components per tablet are compressed into tablets in the routine manner. Where necessary, the 
can be sugar-coated. 

20 

Example 48 Capsules 



Compound 18 


50 mg 


Lactose 


100 mg 


Starch 


30 mg 


Magnesium stearate 


10 mg 



30 

TTie atx3ve components per tak)let are mixed and filled in gelatin capsule shells. 



Example 49 Injection 

35 





Compound 21 


2.5 mg 




Sodium chloride 


900 mg 


40 


IN-sodium hydroxide 


q.s. 




Distilled water for injection 


to make 100 ml 



45 The above components are mixed in the routine manner to provide an injection. 
Example 50 Ophthalmic solution 



Compound 18 


50 mg 


Boric acid 


700 mg 


Borax 


q.s. 


Sodium chloride 


500 mg 


Sodium edetate 


0.05 mg 


Benzdlkonium chloride 


0.005 mg 


Sterilized pure water 


to make 100 ml 
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The above components are mixed in the routine manner to provide an ophthalmic solution. 
Example 51 

5 N-(2-NaphthalenesulfDnvl)-L-valvl-L'leucinal 

Valine (1 1 .5 g) was dissolved in 1M aqueous sodium hydroxide solution (100 ml), and purified water (200 ml) and 
tetrahydrofuran (100 ml) were added. Thereto were simultaneously added dropwise 1M aqueous sodium hydroxide 
solution (100 ml) and a solutiion (100 mQ of 2-naphthalenesulfonyl chloride (18.5 g) in tetrahydrofuran with stirring 

10 under ice-cooling. TTie solution was stirred for one day at room temperature to allow reaction. After the completion of 
the reaction, the reaction mixture was adjusted to pH 2-3 and extracted with ethyl acetate. The extract was washed with 
dilute hydrochloric acid and saturated brine, and dried over anhydrous magnesium sulfate. Ethyl acetate was evapo- 
rated under reduced pressure, and the residue was washed with a mixture of hexane-ethyl acetate to give 12.8 g of N- 
(2-naphthalenesutfonyl)-L-valine as white aystals. 

15 N-(2-Naphthalenesulf6nyl)-L-valine (12. 0 g) and N-hydroxysucdnimide (5.4 g) were dissolved in tetrahydrofuran 
(200 ml), arKi a solution (200 mO of 1-ethyl-3-(3KJimethylaminopropyl)cartxxliimide hydrochloride (9.0 g) In dichlo- 
romethane was gradually added dropwise with stirring under ice-cooling. The solution was stirred for 4 hr at room tem- 
perature to allow reaction. After the completion of the reaction, the solvent was evaporated under reduced pressure and 
the residue was dissolved in ethyl acetate. The mixture was washed with dilute hydrochloric add. saturated aqueous 

20 solution of sodium hydrogencart)onate and saturated brine, and dried over anhydrous magnesium sulfate. Ethyl acetate 
was evaporated under reduced pressure, and the residue was washed with a mixed solution of hexane-ettiyl acetate to 
give 14.1 g of N-(2-naphthalenesulfbnyl)-L-valine N-hydroxysuccinimide ester as white crystals. 

N-{2-NaphthalenesuHonyl)-L-valine N-hydroxysucdnimide ester (1 .8 g) and leudnol (0.63 g) were added to dichlo- 
romethane (100 ml), and the mixture was stirred at room temperature while adding triethylamine (0.68 g). The solution 

25 was stinred for 2 hr to allow reaction. After the completion of the reaction, the mixture was washed with dilute hydrochlo- 
ric acid, saturated aqueous solution of sodium hydrogencartx>nate and saturated brine, and dried over anhydrous mag- 
nesium sulfate. Dichloromethane was ei/aporated under reduced pressure, and the residue was washed wflh a mixed 
solution of hexane-ethyl acetate to give 1 .3 g of N-(2-naphthalenesulfonyl)-L-valyl-L-leucinol as white crystals. 

N-(2-NaphthalenesuHonyl)-L-valyl-L-leudnol (1.3 g) was dissolved in dimethyl sulfoxide (20 ml) and dichlorometh- 

30 ane (1 0 ml), and triethylamine (1 .9 g) was added. The solution was stirred at room temperature while adding a solution 
(20 n^ of sulfur trioxide-pyridine complex (2.0 g) in dimethyl sulfoxide, which was followed by stirring for 2 hr. After the 
conrpletion of the reaction, ethyl acetate was added. The mixture was washed with dilute hydrochloric acid, saturated 
aqueous solution of sodium hydrogencartxjnate and saturated brine, and dried over anhydrous magnesium sulfate. The 
solvent was evaporated under reduced pressure, and the residue was washed with a mixed solution of hexane-ethyl 

35 acetate to give 0.98 g of N-(2-naphthalenesulfonyl)-L-valyl-L-leucinal (Compound 34) as white crystals. [Step 1] 

^H-mR (DMSOndg 270MHz)8: 0.42 (d. 3H, J=6.3Hz), 0.55 (d, 3H, J=6,3Hz). 0.84 (d, 3H, J=6.6Hz). 0.88 (d, 3H. 
J=6.6Hz), 0.93-1.12 (m. 2H). 1.14-1.28 (m, 1H), 1.82-2.00 (m, 1H), 3.63-3.72 (m. 2H). 7.62-8.40 (m, 9H). 9.02 (s. 1H). 
Anal- (C21 H28N2O4S) C. H. N. 

In the same manner as in Step 1 except that 4-fluorobenzenesuH6nyl chloride was used instead of 2-naphthale- 
40 nesulfonyl chloride of Step 1 , N-(4-f luorophenylsulfbnyl)-L^lyl-L-leucinal (Compound 35) was obtained as white crys- 
tals. [Step 2] 

^H-NMR (DMSOkJs 270MHz)6: 0.74 (d, 3H, J=5.9Hz), 0.80 (d. 6H, J=6.4Hz), 0.85 (d. 3H, J=6.8Hz). 1.14-1 .46 [m, 
3H). 1.81-1.93 (m. IH). 3.56-3.62 (dd. 1H. J=6.6. 9.5Hz). 3.80-3.88 (m, 1H), 7.33-7.42 (m, 2H), 7,79-7.86 (m, 2H), 7.96 
(d. 1 H. J=9.8Hz). 8.27 (d. 1 H, J=7.3Hz), 9. 1 4 (s. 1 H). 
45 Anal. (C17H25FN2O4S) C, H. N. 

In the same manner as in Step 1 except that 4-chlorobenzenesuHbnyl chloride was used instead of 2-naphthale- 
nesulfbnyl chloride of Step 1 , N-(4-chlorophenylsuKbnyl)-L-vatyl-L-leudnal (Compound 36) was obtained as white crys- 
tals. [Step 3] 

^H-NMR (DMSO-de 270MHz)6: 0.74 (d, 3H. J=5.9Hz), 0.82 (d, 6H, J=6.8Hz), 0.88 (d, 3H. J=:6.3Hz), 1.15-1.46 (m, 
so 1 H), 3.61 (dd. 1 H. J=6-8, 9.3Hz), 3.82-3.90 (m, 1 H). 7.56-7.63 (m, 2H), 7.44-7.79 (m, 2H). 8.03 (d. 1 H, J=9.3Hz), 8.26 
(d.1H.J=7.3Hz),9.15(s, IH). 

Anal. (Ci7H25aN204S) C, H, N. 

In the same manner as in Step 1 except that p-toluenesulfonyl chloride was used instead of 2-naphthalenesuH6nyl 
chloride of Step 1 . N-(4-methylphenylsulfonyl)-L-valyl-L-leudnal (Compound 37) was obtained as white crystals. [Step 
55 A\ 

^H-NMR (DMSO-de 270H/IHz)6: 0.72-0.90 (m, 12H), 1.18-1.45 (m. 3H), 1.79-1.91 (m. IH). 2.36 (s, 3H), 3 67 (t, IH. 
J=7.7Hz), 3.77^.84 (m, IH), 7.32 (d. 2H), 7.62-7.70 (m, 2H), 7.76 (d. IH. J=8.3Hz), 8.26 (d, IH, J=6.8Hz). 9.07 (s, IH). 
Anal. (C18H28N2O4S) C, H. N. 

In the same manner as In Step 1 except that tert-leudne was used instead of vaKne of Step 1 . N-(2-naphthalenesul- 
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fbnyl)-L-teiHeucy1-L-leucinal (Compound 38) was obtained as white crystals. [Step 5] 

^H-NMR (DMSO-dg 270MHz)6: 0.35 (d. 3H. J=6.4Hz). 0.46 (d. 3H. J=:6.4Hz). 0.78-0.95 (m, 2H), 0.95 (s, 9H). 1.08- 
1.20 (m. 1H). 3.45-3.55 (m. 1H). 3.67 (d. 1H. J=10.3Hz). 7.62-7.72 (m. 2H). 7.82-7.86 (m, 1H). 7.97-8.10 (m. 4H). 8.17 
(d. 1 H, J=6.4Hz). 8.29 (m, 1 H). 8.91 (s, 1 H). 

Anal. (C22H30N2O4S) C. H. N. 

In the same manner as in Step 1 except that 4-f luorobenzenesuHbnyl chloride was used instead of 2-naphthale- 
nesuHbnyl chloride, and D-valine was used instead of valine of Step 1, N-(4-fluorophenylsuHbnyl)-D-valyl-L-leucinal 
(Compound 39) was obtained as white crystals. [Step 6] 

^H-NMR (DMSO-dg 270MHz)5: 0.78 (d, 3H, J=6.3Hz), 0.82 (d. 3H. J=6.9Hz). 0,83 (d. 6H, J=6.3Hz). 1.24-1.50 (m. 
3H). 1.80-1.92 (m. 1H). 3.62 (s br. 1H). 3.84-3.92 (m. 1H). 7.32-7.41 (m. 2H), 7.79 (m, 3H), 8.33 (d, 1H. J=6.9Hz), 8.96 
(S.1H). 

Anal. (C22H30N2O4S) C, H, N. 

In the same manner as in Step 1 except that 4-fluorobenzenesulfonyl chloride was used instead of 2-naphthale- 
nesullbnyl chloride, and norleudne was used instead of valine of Step 1 , N-(4-f luorophenylsulfonyl)-L-norleucyl-L-leuci- 
nal (Conrpound 40) was obtained as white crystals. [Step 7] 

^H-NMR (DMSO-de 270MHz)5: 0.74-0.90 (m, 9H). 1.07-1.59 (m, 9H), 3.76 (t, 1H. J=5.4Hz). 3.84-3.91 (m. 1H), 
7.34-7.45 (m. 2H). 7.79-8.07 (m. 3H). 8.29 (d, 1 H. J=7.3Hz). 9.18 (s, 1H). 

Anal. (C22H30N2O4S) C, H. N. 

In the same manner as in Step 1 except that 4-f luorobenzenesuHbnyl chloride was used instead of 2-naphthale- 
nesulfonyl cNoride. and norvaline was used instead of valine of Step 1 , N-(4^luorophenylsuHbnyO-L-norvalyl-L-leucinal 
(Compound 41) was obtained as white crystals. [Steps] , 

^H-NMR (DMSCXIe 270MHz)5: 0.69-0.85 (m. 9H), 1.14-1.66 (m. 7H). 3.78 (t, 1H, J=6.3Hz). 3.84-3.92 (m. 1H). 
7.34-7.42 (m, 2H), 7.79-8.02 (m, 3H). 8.28 (d. 1H. J=7.3Hz). 9.18 (s, 1H). 

Anal. (C22H30N2O4S) C. H. N. 

Example 52 

N-(2-NaDhtha»enesuHbnvlVL-t ert-leucvl-L-Dhenvlalaninal 

tert-Leucine (13.1 g) was dissolved in 1 M aqueous sodium hydroxide solution (100 ml), and purified water (200 ml) 
and tetrahydrofuran (1 00 mO were added. Ttierelo were simultaneously added dropwise 1 M aqueous sodium hydroxide 
solution (100 ml) and a solution (100 ml) of 2-naphthalenesulfonyl chloride (20.4 g) in tetrahydrofuran with stirring under 
ice-cooling. The solution was stirred for one day at room temperature to allow reaction. After the completion of the reac- 
tion, the reaction mixture was adjusted to pH 2-3 and extracted with ethyl acetate. TTie extract was washed with dilute 
hydrochloric acid and saturated txine. and dried over anhydrous magnesium sulfate. Ethyl acetate was evaporated 
under reduced pressure, and the residue was washed with a mixture of hexane-ethyl acetate to give 16.5 g of N-(2- 
naphthalenesuHbnyO-L-tert-leudne as white crystals. 

N-(2-NaphthalenesuHony1)-L-tert-leucine (16.0 g) and N-hydroxysuccinimrcle (6.9 g) were dissolved in tetrahydro- 
furan (200 ml), and a solution (200 ml) of 1-ethyl-3-(3-dimethylaminopropyOcarbodiimide hydrochloride (11.5 g) in 
dichloromethane was gradually added dropwise with stirring under ice-cooling. The solution was stirred at room tem- 
perature for about 12 hr to allow reaction. After the completbn of the reaction, the solvent was evaporated under 
reduced pressure and the residue was dissolved in ethyl acetata The mixture was washed with dilute hydrochloric add. 
saturated aqueous solution of sodium hydrogencarbonate and saturated brine, and dried over anhydrous magnesium 
sulfate. Ethyl acetate was evaporated under reduced pressure, and the residue was washed with a mixed solution of 
hexane-ethyl acetate to give 18.3 g of N-(2-naphthalenesutIbnyl)-L-tert-leucine N-hydroxysucdnimide ester as white 
crystals. 

N-(2-Naphthalenesulfonyl)-L-tert-leudne N-hydroxysucdnimide ester (1.8 g) and phenylalaninol (1.0 g) were 
added to dichloromethane (50 ml), and the mixture was stirred at room temperature while adding triethylamine (0.86 g). 
The solution was stirred for 2 hr to allow reaction. After the completion of the reaction, the mixture was washed with 
dilute hydrochloric acid, saturated aqueous solution of sodium hydrogencaitK>nate and saturated brine, and dried over 
anhydrous magnesium sulfate. Dichloromethane was evaporated under reduced pressure, and the residue was 
washed with a mixed solution of hexane-ethyl acetate to give 1 .6 g off N-(2-naphlhalenesulffonyl)-L-tert-leucyl-L-pheny- 
lalaninol as white crystals. 

N-(2-Naphthalenesulfonyl)-L-tert-leucyl-L-phenylalaninol (1.6 g) was dissolved in dimethyl sulfoxide (20 ml) and 
dichloromethane (10 ml), and triethylamine (2.1 g) was added. TTie solution was stirred at room temperature while add- 
ing a solution (15 ml) of suHur trioxide-pyridine complex (2,2 g) in dimethyl sulfoxide, which was followed by stirring for 
2 hr. After the conpletion of the reaction, ethyl acetate was added. The mixture vias washed with dilute hydrochloric 
acid, saturated aqueous solution of sodium hydrogencarbonate and saturated brine, and dried over anhydrous nwgne- 
sium sulfate. The solvent was evaporated under reduced pressure, and the residue was washed with a mixed solution 
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of hexane-ethyl acetate to give 1.1 g of N-(24iaphtrialenesulfonyl)-L-tert-leu<yl-L-phenylalaninal (Compound 42) as 
wfiite crystals. [Step 1] 

^H-NMR (DMS0-d6 270MHz)8: 0.86 (s. 9H), 2.26-2.40 (m. 1H). 2.63-2.77 (m. 1H). 3.56 (dd. 1H. J=6.8. 13.2Hz). 
3.63-3.68 (m, 1 H), 6.87-6.90 {m, 1 H). 6.99-7.03 (m. 1 H). 7.1 1 -7.22 (m. 3H), 7.60-7.72 (m. 2H). 7.80-7.87 (m. 1 H). 7.92- 
8.19 (m. 4H). 8.35 (d. 1H, J=6.8Hz), 8.40^.43 (m. 1H). 8.63 (s. 1H). 

Anal. (C25H28N2O4S) C. H. N. 

In the same manner as in Step 1 except that 4-f luorobenzenesulfonyl chloride was used instead of 2-naphlhale- 
nesuHonyl chloride, and valine was used instead of tert-leucine of Step 1 , N-(44luorophenylsulfonyl)-L-valyl-L-phenyla- 
laninal (Compound 43) was obtained as white aystals. [Step 2] 

^H-NMR (DMSO-de 270MHz)6: 0.76 (d, 3H, J=6.4Hz). 0.77 (d, 3H. J=6.4Hz). 1.69-1.86 (m, 1H), 2.67 (dd, 1H. 
J=8.8. 14.2Hz). 3.02 (dd, 1H. J=5.1. 14.2Hz). 3.56 (dd. 1H. J=6.4, a3Hz). 3.99-4.07 (m. 1H). 7.12-7.29 (m. 7H). 7.72- 
7.84 (m. 2H), 7.92 (d, 1H. J=9.3Hz), 8.44 (d, 1H, J=6.8Hz). 9.07 (s, 1H). 

Anal- (C20H23FN2O4S) C. H. N. 

In the same manner as in Step 1 except that valine was used instead of tert-leudne of Step 1 . N-(2-naphthalenesul- 
fbnyl)-L-valyI-L-phenylalaninal (Compound 44) was oljlained as white crystals. [Step 3] 

^H-NMR (DMSOKle 270MHz)6: 0.63 (d, 3H, J=6.6Hz), 0.76 (d, 3H, J=6.6Hz). 1.68-1.82 (m, 1H.). 2.40-2.92 (m, 
1H). 3.64 (dd, 1H, J=6.6. 9.2Hz). 3.97-3.87 (m. 1H). 6.95-7.02 (m, 2H). 7.10-7.23 (m. 3H), 7.62-7.82 (m, 3H). 7.94-8.10 
(m, 4H). 8.36-8.43 (m. 2H). 8.86 (s, 1H). 

Anal. (C24H26N2O4S) C. H, N. 

In the same manner as in Step 1 except that 4-chlorobenzenesulfc)nyl chloride was used instead of 2-naphtha!e- 
nesuHbnyl chloride, and valine was used instead of tert-leucine of Step 1. N-(4^:hIorophenylsulfonyl)-L-\«lyl-L-pheny- 
laJaninal (Conrpound 46) was obtained as white crystals. [Step 4] 

^H-NMR (DMSO-de 270MHz)8: 0.77 (d, 3H, J=6-8Hz). 0.79 (d, 3H, J=6.8Hz). 1.70-1.87 (m. 1H), 2.67 (dd. 1H, 
J=8.8. 14.2Hz). 3.01 (dd, 1H. J=5.4, 14.2Hz). 3.60 (dd, 1H. J=6.4. 9.3Hz), 4.00-4.07 (m. 1H), 7.12-7.32 (m. 5H). 7,50- 
7.60 (m. 2H). 7.68-8.00 (m. 2H). 7.98 (d. 1 H, J=9.3Hz). 8.44 (d. 1 H, J=6.8Hz). 9.09 (s. 1 H). 

Anal. (C2oH23aN204S) C. H. N. 

In the same manner as in Step 1 except that p-toluenesulffonyl chloride was used instead of 2-naphthalenesuMonyl 
chloride, and valine was used instead of tert-leucine of Step 1, N-(4-methylphenylsulfonyl)-L-vaIyl-L-phenylalaninal 
(Compound 46) was obtained as white crystals. [Step 5] 

^H-NMR(DMSO-d6 270MHz)8:0.74(d, 6H. J=:6.4Hz). 1.71-1.81 (m. 1H). 2.33 (s. 3H), 2.65 (dd. 1H. J=8.8. 14.2). 
2.99 (dd. 1H. J=5.4. 14.2), 3.55 (dd. 1H. J=6.4, 9.3Hz), 3.97-4.05 (m. 1H), 7.11-7.37 (m. 7H). 7.59-7.66 (m. 2H). 7.73 
(d. 1 H. J=9.3Hz). 8.41 (d, 1 H. J=6.8Hz). 8.99 (s, 1 H). 

Anal. (C21H26N2O4S) C. H. N. 

In the same manner as in Step 1 except that 1-aminocyclohexanecartx>xylic acid was used instead of tert-leudne 
of Step si. l-(2-naphthalenesul1bnylanriirio)cyclohe)canecarbonyl-L-phenylala (Compound 47) was obtained as 
white crystals. [Step 6] 

iR-NMR (DMSO-de 270MHz)6: 1.12 (s br. 6H). 1.65 (s br, 4H), 2.28 (dd. 1H. J=8.6. 14.2Hz). 3.06 (dd. 1H. J=5.3. 
14.2Hz). 4.07-4.14 (m, 1H). 7.16-7.29 (m. 5H). 7.63-7.72 (m, 2H), 7.86-7.72 (m, 2H). 7.98-8.15 (m, 4H). 8.41 (s. 1H), 
9,29 (S,1H). 

Anal. (C26H28N2O4S) C. H. N. 

Example 53 

N-(4-ChloroDhenvlsuHonvl)-L-valvl-L-tryptophanal 

Valine (13.1 g) was dissolved in 1M aqueous sodium hydroxide solution (100 ml), and purified water (250 ml) and 
telrahydrofuran (100 ml) were added. Tfiereto were alternately added 1M aqueous socfium hydroxide solution (100 ml) 
and a solution (100 ml) of 4-chlorobenzenesuHbnyl chloride (19.0 g) in tetrahydrofuran in 1/5 portions thereof with stir- 
ring under ice-cooling. The solution was stirred lor one day at room temperature to allow reaction. After the completion 
of the reaction, the reaction mixture was adjusted to pH 2-3 and extracted with ethyl acetate. TTie extract was washed 
with dilute hydrochloric acid and saturated brine, and dried over anhydrous magnesium sulfate. Ethyl acetate was evap- 
orated under reduced pressure, and the residue was washed with a mixture off hexane-ethyl acetate to give 13.6 g of 
N-(4-chlorophenylsuHonyl)-L-valine as white crystals. 

N-(4-Chlorophenylsuifonyl)-L-valine (13.5 g) and N-hydroxysuccinimide (6.4 g) were dissolved in tetrahydrofuran 
(200 ml), and a solution (200 ml) of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (10.6 g) in cfichlo- 
romethane was gradually added dropwise with stirring under ice-cooling. The solution was stirred at room tenperature 
for about 12 hr to allow reaction. After the corTf)letion of the reaction, the solvent was evaporated under reduced pres- 
sure and the residue was dissolved in ethyl acetate. The mixture was washed with dilute hydrochtoric acid, saturated 
aqueous solution Of sodium hydrogencarbonate and saturated brine, and dried over anhydrous magnesium suifete. 
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Ethyl acetate was evaporated under reduced pressure, and the residue was washed with a mixed solutbn of hexane- 
ethyl acetate to give 14.3 g of N-(4-chlorophenyisulfonyl)-L-valine N-hydroocysuccinimide ester as white crystals. 

N-(4-Chlorophenylsulfonyi)-L-valine N-hydrcocysuccinimide ester (1 .5 g) and L-tryptophanol (0.88 g) were added to 
dichloromethane (100 mQ, and the mixture was stirred at room temperature while adding triethylamine (1 .2 g). The solu- 

5 tion was stirred for 2 hr to allow reaction. After the completion of the reaction, the solvent was evaporated under reduced 
pressure. The residue was dissolved in ethyl acetate, washed with dilute hydrochloric acid, saturated aqueous solution 
of sodium hydrogencartx>nate and saturated brine, and dried over anhydrous magnesium sulfate. Ethyl acetate was 
evaporated under reduced pressure, and the residue was washed with a mixed solution of hexane-ethyl acetate to give 
1 .6 g of N-(4-chlorophenyIsulfonyl)-L-valyI-L-triptophanol as white crystals. 

10 N-(4-Chlorophenylsulfbnyl)-L-valyl-L-tryptophanol (1 .5 g) was dissolved In dimethyl sulfoxide (20 ml) and dichlo- 
romethane (15 ml), and triethylamine (2.0 g) was added. The solution was stirred at room temperature while adding a 
solution (20 ml) of sulfur trioxide-pyridlne complex (2.1 g) in dimethyl sulfoxide, which was followed by stirring for 1 hr. 
After the completion of the reaction, ethyl acetate was added. The mixture was washed with dilute hydrochloric add, 
saturated aqueous solution of sodium hydrogencarbonate and saturated brine, and dried over anhydrous magnesium 

IS suHata The solvent was evirated under reduced pressure, and the residue was purified tiy preparative TLC plate 
(developing solvent: hexane-ethyl acetate, 1 :1, vN) to give 0.10 g of N-(4-chlorophenylsultonyI)-L-valyl-L-tryptophanal 
(Compound 48) as white crystals. [Step 1] 

^H-NMR (DMSOKJg 270MHz)6: 0.81 (d. 3H, J=6.8Hz). 0.82 (d, 3H. J=6.4Hz), 1. 77-1. 91 (m. tH). 2.82 (dd, 1H, 
J=7.8. 15.1Hz), 3.07 (dd. 1H, J=5.9, 15.1Hz). 3.65 (dd, 1H. J=6.8. 9.3Hz). 4.06-4.14 (m. 1H), 6.96-7.69 (m. 9H), 7.99 

20 (d. 1 H. J=9.8Hz), 8.41 (d, 1 H, J=6.4Hz), 9.21 (s, 1 H), 10.92 (s. 1 H). 
Anal. (C22H24aN304S) C. H. N. 

In the same manner as in Step 1 except that 4-f luorobenzenesuHbnyl chloride was used Instead of 4-chlorobenze- 
nesuHonyl chloride of Step 1 , N-(4-f luorophenylsul1bnyl)-L-valyl-L-tryptophanal (Compound 49) was obtained as white 
crystals. [Step 2] 

25 ^H-NMR (DMSO<l6 270MHz)5: 0.80 (d. 3H. J=6.8Hz). 0.81 (d. 3H. J=6.8Hz). 1.76-1.88 (m, 1H). 2.82 (dd. 1H. 
J=8.1, 15.1Hz). 3.06 (dd, 1H, J=6.1. 15.1Hz), 3.63 (dd, 1H. J=6.8. 9.3Hz) 4.04-4.12 (m. 1H). 6.98-7.56 (m. 7H), 7.68- 
7.76 (m. 2H). 7.93 (d, IN, J=9.3Hz), 8.41 (d, 1H, J=6.4Hz), 9.19 (s, 1H), 10.92 (s, 1H). 
Anal. (C22H24FN3O4S) C. H, N. 

In the same manner as in Step 1 except that 2-naphthalenesulfonyl chloride was used instead of 4-chlorobenze- 
30 nesuKonyl chloride, and 1 -aminocyclohexanecarboxylic acid was used instead of valine of Step 1 . 1 -(2-naphthalenesul- 
fonylamino)cyclohexanecart)onyl-L-1ryptophanal (Compound 50) was obtained as white crystals. [Step 3] 

^H-NMR (DMSOkIb 270MHz)8: 1.17 (s br. 6H). 1.72 (s br. 4H), 2.97-3.16 (m, 2H). 4.10^4.17 (m, 1 H). 6.95-7.22 (m, 
3H). 7.33 (d. 1H. J=8.3Hz). 7.48 (d. 1H, J=7.6Hz). 7.61-7.72 (m. 2H), 7.83-8.14 (m, 6H). 8.41 (s. 1H). 10.89 (s, 1H). 

Anal. (C28H29N3O4S) C. H. N. 

35 In the same manner as in Step 1 except that 2-naphthalenesulfonyl chloride was used instead of 4-chlorobenze- 
nesulfonyl chtoride. and tert-leudne was used instead of valine of Step 1. N-(2-naphthalenesulfonyO-L-tert-leucyl-L- 
tryptophanal (Compound 51) was obtained as white crystals. 

^H-NMR (DMSO<l6 270MHz)8: 0.89 (s, 9H). 2.43 (dd. 1H, J=6.8. 15.1 Hz), 2.68 (dd. 1H, J=7.3. 15.1 Hz), 3.64-3.75 
(m. 2H). 6.93-7.16 (m. 3H). 7.19 (d, 1H, J=7.8Hz). 7.32 (d, 1H, J=a3Hz). 7,58-7.67 (m. 2H). 7.76-7.80 (m, 2H), 7.88- 
40 8.01 (m. 3H). 8.05-8-09 (m, 1H). 8.37 (d. 1H. J=6.4Hz), 8.43 (m. 1H), 8.83 (s. 1H). 10.80 (s. 1H). 
Anal. (C27H29f^l304S) C, H, N. 

Example 54 

45 N-(4-nuorophenylsulfonvn-L-valvl-L^vclohexvlaiamnal 

Valine (11.5 g) was dissolved in 1M aqueous sodium hydroxide solution (100 ml), and purified water (200 ml) and 
tetrahydrofuran (100 ml) were added. Thereto were simultaneously added dropwise 1M aqueous sodium hydroxide 
solution (100 ml) and a solution (100 ml) of 4-fluorobenzenesulfonyt chloride (17.5 g) in tetrahydrofuran with stirring 

so under ice-cooling. The solution was stirred for one day at room tenperature to allow reaction. After the completion of 
the reaction, the reaction mixture was adjusted to pH 2-3 and extracted with ethyl acetate. The extract was washed with 
dilute hydrochloric acid and saturated brine, and dried over anhydrous magnesium sulfate. Ethyl acetate was evapo- 
rated under reduced pressure, and the residue was washed with a mixture of hexane-ethyl acetate to give 15.5 g of N- 
(4-f luorophenylsulfonyl)-L-vallne as white crystals. 

55 N-(4-Ruorophenylsulfonyl)-L-valine (12.0 g) and N-hydroxysuccinimide (7.6 g) were dissolved in tetrahydrofuran 
(200 ml), and a solution (200 ml) of 1-ethyl-3-(3<iimethylaminopropyl)cartodiimide hydrochloride (12.6 g) in dichlo- 
romethane v«s gradually added dropwise with stirring under Ice-cooling. The solution was stirred at room temperature 
for about 4 hr to allow reaction. After the completion of the reaction, the solvent was evaporated under reduced pressure 
and the residue ms dissolved in ethyl acetate. The mixture was washed with dilute hydrochloric acid, saturated aque- 
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ous solution of sodium hydrogencaitx>nate and saturated brine, and dried over anhydrous magnesium sulfate. Etfiyl 
acetate was evaporated under reduced pressure, and tfie residue was washed with a mixed solution of hexane-ethyl 
acetate to give 14.1 g of N-(4-fluorophenylsuKonyi)-L-valine N-hydroxysuccinimide ester as white crystals. 

N-(4-Fluorophenytsul1bnyl)-L-valine N-hydroxysuccinimide ester (1.5 g) and (S)-2-amino-3-cyclohexyl-1-propanol 

5 hydrochloride (1 .5 g) were added to dichloromethane (80 ml), and the mixture was stirred at room temperature while 
adding triethylamine (2.0 g). The solution was stined for 2 hr to allow reaction. After the completion of the reaction, the 
solvent was evaporated under reduced pressure. The residue was dissolved in ethyl acetate, washed with dilute hydro- 
chloric acid, saturated aqueous solution of sodium hydrogencartx)nate and saturated brine, and dried over anhydrous 
magnesium sulfate. Ethyl acetate was evaporated under reduced pressure, and the residue mts washed with a mixed 

10 solution of hexane-ethyl acetate to give 1 .4 g of N-(4-f luorophenylsulfonyl)-L^lyl-L-cyclohe!xylalaninol as white crys- 
tals. 

N-(4-Fluorophenytsulfbnyl)-L-valyl-L-cyclohexylalaninol (1.3 g) was dissolved in dimethyl sulfoxide (20 ml) and 
dichloromethane (10 ml), and triethylamine (1 .9 g) was added. The solution was stirred at room temperature while add- 
ing a solution (10 ml) of sulfur trl(»cide-pyridine complex (2.0 g) in dimethyl sulfoxide, which was followed by stirring for 

IS 1 hr. After the completion of the reaction, etfiyl acetate was added. The nraxture was washed with dilute hydrochloric 
acid, saturated aqueous solution of sodium hydrogencarbonate and saturated brine, and dried over anhydrous magne- 
sium sulfate. The solvent was evaporated under reduced pressure, and the residue was purified by preparative TLC 
plate (da/eloping solvent: hexane-ethyl acetate, 1 :1 , v/v) to give 0.37 g of N-(4^luorophenylsulfbnyl)-L-valyl-L-cyclohex- 
ylalaninal (Compound 52) as white crystals. [Step 1] 

20 1 H-NMR (DMSO^jg 270MHz)S: 0.74-1 .61 (m, 13H), 0.82 (d, 3H. J=10.9Hz), 0.84 (d, 3H, J=1 0.9Hz), 1 .80-1 .93 (m. 
1H). 3.53-3.66 (m. 1H). 3.77-3.85 (m. 1H), 7.32-7.42 (m. 2H), 7.79-7.87 (m, 2H), 7.96 (d. 1H, J=8.9Hz), 8.29 (d. 1H. 
J=6.6Hz). 9.10 (s. 1H). 

Anal. (C20H29FN2O4S) C, H, N. 

In the same manner as in Step 1 except that 2-naphthalenesulfonyl chloride was used instead of 4-f luorobenze- 
25 nesuHbnyl chloride, N-(2-naphthalenesulfbnyl)-L-valyl-L-cyclohexylalaninal (Compound 53) was obtained as white 
crystals. 

^H-NMR (DMSO-de 270MH2)5: 0.52-0.82 (m, 13H), 0.82 (d, 3H. J=6.6Hz). 0.84 (d, 3H, J=5.6Hz). 1.81-1.99 (m, 
1H). 3.63-3.69 (m. 2H). 7.80 (dd. 1H. J=1.9, 8.8Hz), 8.00^.11(m. 4H), 8.26 (d, 1H. J=6.6Hz), 8.39 (m, 1H). 8.96 (s, 1H). 
Anal. (C24H32N2O4S) C. H, N. 

30 In the same manner as in Step 1 except that 4-chlorophenylsulfonyl chloride was used instead of 4-fluorobenze- 
nesuHbnyl chloride, N-(4-chlorophenylsulfbnyl)-L-valyl-L-cyclohexylalaninal (Compound 54) was obtained as wNte 
crystals. 

^H-NMR (DMSO-de 270MHz)5: 0.74-1.61 (m. 13H). 0.82 (d. 3H. J=10.2Hz), 0.85 (d. 3H. J=10.5Hz). 1.89-1.93 (m, 
1H). 3.58-3.63 (m, 1H). 3.77-3.85 (m, 1H), 7.58-7.63 (m. 2H). 7.75-7.80 (m, 2H), 8.05 (d, 1H, J=7.3Hz). 8.40 (d, 1H, 
35 J=6.6Hz),9.11 (s, 1H). 

Anal. (C20H29CI-N2O4S) C. H. N. 

ExamDle55 

40 N-(4-nuoroph enylsuHDnyf)-D-valyl-D-ieucinal 

D-Valine (6.6 g) was dissolved in 1 M aqueous sodium hydroxide solution (50 ml), and purified water (200 ml) and 
tetrahydrofuran (100 ml) were added. Thereto were simultaneously added dropwise 1M aqueous sodium hydroxide 
solution (100 ml) and a solution (50 ml) of 4^luorobenzenesulf6nyl chloride (9.7 g) in tetrahydrofuran with stirring under 

45 ice-cooling. The solution was stirred for one day at room terrperature to allow reaction. After the completion of the reac- 
tion, the reaction mixture was adjusted to pH 2-3 and extracted with ethyl acetate. TTie extract was washed with dilute 
hydrochloric acid and saturated t)rine, and dried over anhydrous magnesium sulfate. Ethyl acetate was evaporated 
under reduced pressure, and the residue was washed with a mixture of hexane-ethyl acetate to give 8.3 g of N-(4-f luor- 
ophenylsulfonyl)-L-valine as white crystals. 

50 N-(4-Fluorophenylsulfonyl)-L-valine (8.0 g) and N-hydroxysuccinimide (4.4 g) were dissolved in tetrahydrofuran 
(150 ml), and a solution (150 ml) of 1-ethyl-3-(3-dimelhylaminopropyl)cartx)diimide hydrochloride (7.3 g) in dichlo- 
romethane was gradually added with stirring under ice-cooling. The solution was stirred at room temperature for akx)ut 
12 hr to allow reaction. After the completion of the reaction, the solvent was evaporated under reduced pressure and 
the residue was dissolved in ethyl acetate. The mixture was washed with (filute hydrochloric add, saturated aqueous 

55 solution of sodium hydrogencarbonate and saturated brine, and dried over anhydrous magnesium sulfate. Ethyl acetate 
was evaporated under reduced pressure, and the residue was washed with a mixed solution of hexane-ethyl acetate to 
give 9.6 g of N-(4-f luorophenylsulfonyl)-D-valine N-hydroxysuocinimide ester as white crystals. 

N-(4-FluorophenylsulfonyO-D-valine N-hydroxysucctnimide ester (1.8 g) and D-leucinol (0.74 g) were added to 
dichloromethane (80 ml), and the mixture was stirred at room temperature while adding triethylamine (1 .5 g). The solu- 
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tion was stirred for 2 hr to allow reaction. After the completion of the reaction, the solvent was evaporated under reduced 
. pressure. The residue was dissolved in ethyl acetate, washed with dilute hydrochloric acid, saturated aqueous solution 
of sodium hydrogencaitx>nate and saturated brine, and dried over anhydrous magnesium sulfate. Ethyl acetate was 
evaporated under reduced pressure, arxl tiie residue was washed with a mixed solution of hexaneethyl acetate to give 

5 1 .6 g of N-(4-f luorophenylsulfbnyl)-D-valyl-D-leucinoi as white crystals. 

N-(4-Ruorophenyfsulfbriyl)-D-valyl-D-leucinol (1 .5 g) was dissolved in dimethyl sulfoxide (20 ml) and dichlorometh- 
ane (10 ml), and triethyiamine (2.4 g) was added. The solution was stirred at room temperature while adding a solution 
(20 ml) of sulfur trioxide-pyridlne complex (2.6 g) in dimethyl sulfoxide, which was followed by stirring for 1 hr. After the 
completion of the reaction, ethyl acetate was added. The mixture was washed with dilute hydrochloric acid, saturated 

10 aqueous solution of sodium hydrogencart>onate and saturated brine, and dried over anhydrous magnesium sulfate. The 
solvent was evaporated under reduced pressure, and the residue was purified by preparative TLC plate (developing sol- 
vent: hexane-ethyl acetate, 1:1, v/v) to give 1.0 g of N-(4-fluorophenylsulfbnyl)-D-valyl-D-leucinal (Compound 55) as 
white crystals. [Step 1] 

^H-NMR (DMSO-de 270MHz)8: 0.74 (d, 3H. J=6.3Hz). 0.82 (d. 6H. J=6.3Hz). 0.87 (d, 3H. J=6.9Hz). 1.15-1.45 (m, 
IS 3H). 1.81-1.93 (m. 1H), 3.59 (t. 1H. J==6.8Hz). 3.80-3.88 (m. 1H). 7.33-7.42 (m, 2H). 7.79-7.88 (m, 2H), 7.95 (d. 1H. 
J=6.9Hz), 8.26 (d. 1 H. J=6.9Hz), 9.14 (s, 1H). 
Anal. {C22H30N2O4S) C. H. N. 

In the same manner as in Step 1 except tiiat valine was used instead of D-valine, N-(4-f tuorophenylsulf6riyl)-L-valyl- 
D-leucinal (Compound 56) was obtained as white crystals. [Step 2] 
20 ^H-NMR (DMSO<l6 270MHz)6: 0.78 (d. 3H. J=6.3Hz). 0.82 (d, 3H, J=6.6Hz), 0.83 (d, 6H, J=6.3Hz). 1 .18-1 .50 (m, 
3H), 1.79-1.92 (m. 1H). 3.61-3.63 (m. 1H), 3.84-3.92 (m, 1H), 7.33-7.44 (m, 2H), 7.80-7.96 (m. 3H). 8.22 (d. 1H. 
J=6.9Hz), 8.96 (s,1H). 

Anal. (C20H29FN2O4S) 0, H, N. 

2S Example 56 CTablet) 
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Compound 35 


30 mg 


Lactose 


80 mg 


Starch 


17mg 


Magnesium stearate 


3mg 



Using the abcve ingredient as the material for one tablet tablets are prepared by a conventional metixxJ. Where 
necessary, sugar coating may be applied. 



40 Example 57 (Injection) 



Compound 48 


2.5 mg 


Sodium chloride 


900 mg 


1 N sodium hydroxide 


qs. 


Distilled water for injection 


totallOOmI 



so 

The above ingredients are admixed by a conventional method to give injections. 
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Compound 35 


50 mg 


Boric add 


700 mg 


Sodium tetraborate 


q.s. 


Sodium chloride 


500 mg 


Hydroxymetliylcellulose 


500 mg 


Disodium edetate 


0.05 mg 


Benzall^Dnium chloride 


0.005 mg 


Sterile purified water 


total 100 ml 



Hie above ingredients are admixed by a conventional method to give a suspension for eye drop. 

so 

Experimental Exanrole 1 Effect of cysteine protease inhibitor on angiogenesis in cornea of guinea pig by transplantation 
of basic FGF (bFGF) 

(Test Method) 

25 

(1) Method lor preparing pellets for transplantation 

A solution (5 ^il) of 8% ethylene vinyl acetate copolymer (EVA) in dchloromelhane was dropped on a plate niade 
of Tefron. air-dried, and 0.0167 w/v% bFGF (3 jJ) was dropped thereon and air<lried. After drying, the obtained product 
30 was rounded into a small rod to give a bFGF (500 ng)-containing pellet 

Using a test solution instead of 0.01 67 w/v% bFGF. a test solution-containing pellet was prepared in the same man- 
ner as above. The test solution-containing pellets were prepared to contain 27 mer calpastatin peptide (0.03 ^mole and 
0.1 jimole/lpellet. Sigma) and leupeptin (0.1 |imole/k)ellet. PEPTIDE INSTITUTE. INC.). 

As a control, a pellet made of EVA alone was prepared and used as a vehicle pellet. 

35 

(2) Transplantation of pellet into cornea of guinea pig 

The procedure followed the method of M. Kusaka et al. [Biochem. Biophys. Res. Comm., vol. 174, pp. 1070-1076 
(1991)]. That is, male guinea pigs weighing 300-400 g were anesthetized with a 1:1 mixture of Ketalar 50 (kelamin 

40 hydrochloride, Sankyo Company. Limited) and Celactal (xylazine hydrochloride. Bayer. Ltd.)- A pocket was formed in 
the intercellular layer of corneal stroma layer of both ^es from corneal limbus to the center of cornea, using a 0.5 mm 
width ophthalmic spatula. A test solution-containing pellet was inserted into the pocked thus formed, and a bFGF-con- 
taining pellet was inserted in adjacency thereto. For prevention of infection, ofksxadn eye ointment [Tarivid eye ointment 
(ofloxacin 0.3%, manufactured by Santen Pharmaceutical Co.. Ltd.) was instilled once immediately after insertion of tiie 

46 pellets. Thereafter. 0.3% lomefloxacin (lomeflon ophthalmic otolo^c solution, manufactured by Senju Pharmaceutical 
Co.. Ltd.) was instilled once a day for 5 days. 

(3) Evaluation of the effects of cysteine protease inhibitor 

50 The effect of the cysteine protease inhibitor was observed witii a slit lamp. TTie blood vessel newly formed in cornea 
which is an avascular tissue had high permeability, and the wet weight and plasma content were expected to elevate 
due to incurrent of plasma components as a result of high permeabU'ity. At 9 days posttransplantation of pellet, guinea 
pigs were euthanized and cornea was collected. The obtained cornea was weighed (wet weight). Then, it was homog- 
enized, and subjected to centrifugation. The obtained water soluble protein was separated by SDS polyacrylamide gel 

55 electrophoresis. After electrophoresis, the gel was stained with Coomassie Brilliant Blue. By image analysis (NIH Image 
1.31), albumin which is one of the major proteins in plasma was quantitatively assayed. As the standard sut)stance. 
guinea pig serum albumin was used. 
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(Test Results) 

(1) Observation of cornea with a slit lamp 

5 The cornea of vehicle pellet transplantation group showed no changes as compared to the cornea of the untreated 
group. The bFGF-containing pellet transplantation group (hereinafter sometimes referred to as control group) showed 
appearance of blood vessel in the neighborhood of bFGF-containing pellet transplantation site from 4 days after trans- 
plantation. At 9 days posttransplantation, blood vessels were newly formed radially in the entirety of the cornea of 
guinea pigs. The group which undenwent transplantation of 27 mer calpastatin peptide-containing pellet or leupeptin- 

10 containing pellet together with bFGF-containing pellet showed appearance of blood vessel in all groi4)s. Compared to 
the control group, however, the degree of appearance was mild, and new formation of t)lood vessels was found mainly 
in corneal lint)us. The corneas at 9 days posttransplantation of guinea pig are shown In Figs. 1 and 2. . 

(2) Wet weight of cornea 

15 

The results are shown in Fig. 3. The wet weight of cornea was almost the same between the untreated group and 
vehicle pellet transplantation group, and no influence by transplantation of vehicle pellet was fourxl. In contrast, the wet 
weight of cornea of the control group increased from the weight of the untreated group and vehicle pellet transplantation 
group. The group which undenvent transplantation of 27 mer calpastatin peptide-containing pellet or leupeptin-contain- 
20 ing pellet together with bFGF-containing pellet showed suppressed increase in the wet weight of cornea as compared 
to the control group. 

It was clarified therefrom that 27 mer calpastatin peptide and leupeptin suppressed increase in wet weight of cor- 
nea caused by angiogenesis. 

25 (3) Amount of albumin in cornea 

The results are shown in Rg. 4. The amount of albumin of untreated group was very small and w^ 35.2±9.6 (S.D.) 
or 56.1±13,5 (S.D.). This was because cornea is an avascular tissue. Meanwhile, that of the group which undenrvent 
transplantation of vehicle pellet showed a small increase from the weight of the untreated group. This was supposedly 
30 attributable to surgical stimulation during pellet transplantation. In contrast, that of the control group was about 1 7 or 9 
tknes greater than the untreated group, and about 8 times greater than tiie vehicle pellet transplantation group. This 
was because vascular pemneability was high In newly formed blood vessels, and albumin which is the main component 
of plasma leaked. The group transplanted witii 27 mer calpastatin peptide-containing pellet and leupeptin-containing 
pellet togetiier with bFGF-containing pellet showed suppressed increase in the amount of albumin in cornea as com- 
as pared to the control group. 

It was clarified from the above that a cysteine protease inhibitor suppressed angiogenesis. 

Experimental Example 2 

40 The biological activity of the compounds of the formula (I) and (IV) is shown in tiie following. The compounds of ttie 
formula (I) and (IV) and salts thereof show thiol protease-inhibitory activity. The inhibitory activity against calpain. cathe- 
psin L, papain, and trypsin which is a serine protease was determined. The results are shown in Tables 6 and 7. 

^-Calpain-inhibitory activitv 

45 

The activity of ^-calpain (Nakalai Tesque) was assayed in accordance witii ttie procedure described in the literature 
[Anal. Biochem., 208, 387-392 (1993)] Thus, to a solution containing 0.5 mg/imi casein, 50 mM Tris-HCI (pH 7.4). 20 
mM dithiothreitol, and 4 mM calcium chloride was added 2.5 |il of a dirviefliyl suHbxkle solution containing a varying con- 
centration of the test drug as well as 0.03 unit of ^-calpain to initiate the reaction. The final liquid volume was 250 pi. 

50 After 60 minutes of reaction at 30°C, 100 ^1 of the reaction mixture was transferred to another vessel, to which 50 pi of 
purified water and 100 |il of 50% Coumassie brilliant blue solution were added. The mixture was allowed to stand at 
room temperature for 15 minutes and the absort>ance was measured at 595 nm. As a control. 2.5 ^ of dimethyl sulfox- 
ide not containing the test drug was added and the mixture was treated in tiie same manner as above. The absorisance 
value thus found was used as the control value. Similarly, the value found by adding 0.2 mM EDTA in lieu of 4 mM aque- 

55 ous calcium chloride solution was used as the blank value. The inhibition rate was calculated by means of the following 
equation and plotted against concentration on log paper and the amount necessary for 50% inhibition (IC50) was deter- 
mined. 
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. ^ n Measured value - blank value , ^ 

lnhibrtK)nrate(%)H1- corrtrolvalue-blankvalue 



5 Assav of cathepsin L-inhibrtof v activitv 

The activity of cathepsin L (Cosmo Bio), a cysteine protease, was assayed by the method described in the literature 
[Methods in Enzymology. 80, 535-561 ,1981]. Thus, to a solution containing 85 mM acetate buffer (pH 5.5), 2 mM drthi- 
othreHd, 1 mM EDTA. 2 ng cathepsin L, and a varying concentration of the test compound was added 50 of 20 jiM 

10 cart)Obenzoxy-L-phenylalanyl-L-arginine-4-melhyl-coiHnaryI-7-amide (Z-Phe-Arg-MCA) to initiate the reaction at the 
final liquid volume of 200 ^I. After 20 minutes of reaction at 30°C, 20 pi of 1 M Tris-HCI (pH 8.0) was added so as to slop 
the reaction. The amount of liberated 4-methyl-7-aminocoumarin was determined with a f luorospectrometer at an exci- 
tation wavelength of 360 nm and a fluorescent emission wave length of 450 nm. Using the value found without addition 
of the test dmg as control and the value found without addition of the enzyme as blank, IC50 was determined in the 

IS same manner as above. 

Assay off papain- arxj tnrosin-inhibftorv activitv 

The activity of papain which is a cysteine protease and of trypsin (Sigma) which is a serine protease was assayed 
20 in accordance with the method described in the literature [Anal. Biochem.. 208. 387-392. 1 993]. Thus, to a solution con- 
taining 0.5 mg/ml casein, 50 mM Tris-HCI (pH 8.0). 20 mM dithiothreilol, and 0.2 mM EDTA was added 2.5 »il of dimethyl 
sulfoxide containing a varying concentration of the test drug as well as 0.03 unit of papain or trypsin to initiate the reac- 
tion. Ttie final liquid volume was adjusted to 250 jil. After 60 minutes off reaction at 30°C, 1 00 jJ off the reaction mixture 
was transferred to another vessel and fbllov«ng addition of 50 ^1 of purified water and 1 00 ^1 of 50% Coumassie brilliant 
25 blue 80lutk)n. the mixture was allowed to stand at room temperature for 1 5 minutes. The absortjance of the mixture was 
then measured at 595 nm. Using the value found similarly by adding 2.5 ^1 of dimethyl sulfoxide not containing the test 
drug as control and the value found without addition off the enzyme as Wank. IC50 was determined in the same manner 
as above. 

30 
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Table 6 



Calpain 50% inhibitory concentration (IC50) 


Test drug 


(M) 


Test drug 


(M) 


ConpoundS 


4.7x10"^ 


Compound 34 


1.0x10-^ 


Compound 11 


2.9x10"^ 


Compound 35 


7.5x10-® 


Compound 13 


8.1x10*^ 


Compound 36 


3.1x10® 


Compound 14 


7.8x10"^ 


Compound 37 


2.8x10® 


Compound 15 


1.1x10*^ 


Compound 38 


6.1x10® 


CompourKi 16 


6.4x10"^ 


Compound 39 


4.2x10® 


Conr^und 17 


3.5x10"^ 


Compound 40 


2.6x10"^ 


Compound 18 


6.3x10'^ 


Compound 41 


1.3x10-^ 


Compound 19 


4.9x10-^ 


Compound 42 


3.2x10® 


Compound 20 


1.2x10-® 


Compound 43 


2.7x10® 


Compound 21 


9.5x10-^ 


Compound 44 


1.4x10® 


Compound 22 


1.8x10-^ 


Compound 45 


1.4x10® 


Compound 23 


5.1x10^ 


Compound 46 


1.8x10® 


Compound 24 


8.4x10-^ 


Compound 47 


2.0x10^ 


Compound 25 


4.1x10^ 


Compound 48 


1.3x10® 


Compound 27 


2.4x10"^ 


Compound 49 


2.3x10 


Compound 28 


3.9x10^ 


Compound 50 


3.6x10"^ 


Compound 29 


6.0x10'^ 


Compound 51 


1.1x10® 


Compound 30 


6.0x10'^ 


Compound 52 


3.0x10"® 


Compound 31 


I.SxIO"^ 


Compound 53 


8.3x10-^ 


Compound 33 


1.9x10-® 


Compound 54 


1.4x10® 






Compound 55 


1.0x10-* 






Compound 56 


1,4x10® 



Table 7 



Test drug (Com- 
pound No.) 


50% Inhibitory concentration (IC50) 




Cathep6inL(M) 


Papain (M) 


Trypsin (M) 


Compound 1 1 


1.2x10-® 


1.1x10-^ 


>3.0x10"3 


Compound 13 


2.9x10® 


7.9x10® 


>3.0x10-^ 


Compound 16 


- 8.2x10 ® 


2.1x10'^ 


>3.0x10*® 


Compound 17 


2.7x10-® 


6.2x10-® 


>3.0x10-® 


Corrpound 22 


3.8x10-^ 


4.0x10"® 


>3.0x10'® 


Compound 24 


9.0x10^ 


4.7x10-® 


>3.0x10-^ 



As is evident from the above experimental results, the cysteine protease inhibitory compound to be used ii 
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present invention showed no toxidty to human and animals. 

Having inhibitory activity against cysteine proteases such as calpain, cathepsin L and papain and showing no activ- 
ity against serine protege (trypsin), the compounds of formulas (I) and (IV) and sate thereof are useful as prophylactic 
or therapeutic agents for a variety of cysteine protease-associated diseases, such as ischemic diseases, inflammatory 
diseases, muscular dystrophy, cataract, immune diseases, essential hypertension. Alzheimer's disease. sul>arachnoid 
hemontiage. and osteoporosis, in mammals (e.g. mouse, rat. rattoit, dog. cat, bovine, swine, and human). 

Tlie angiogenesis inhibitor of the present invention suppresses new formation of t>lood vessels in the living tissues, 
so that it can be used as a superior therapeutic or prophylactic agent of angiogenesis associated vnth wound healing, 
inflammation, yowth of tumor and the like: and angiogenesis as seen in diabetic retinopathy, prematurity retinopathy, 
retinal venous occluston. senile discoid macular degeneration and the like, as well as for prevention of metastasis of 
tumors. 



Claims 

IS 1 . An angiogenesis inhibitor comprising a cysteine protease inhibitory compound. 

2. "nie angiogenesis inhibitor of daim 1. wrtierein the cysteine protease inhibitory compound is a calpain inhibitory 
compound. 

20 3. The angiogenesis inhibitor of daim 2, wherein the calpain inhibitory compound 
from calpastatin and calpastatin peptida 

4. The angiogenesis inhibitor of claim 3, wherein the calpastatin peptide is at least one compound selected from 
pepetides having an amino acid sequence of the following fornrula: 
25 -Gly-A-Tyr-Arg- 

wherein A is -Lys-Arg-Glu-Val-Thr-lle-Pro-Pro-Lys-, -Lys-Arg-Glu-Val-Thr-Leu-Pro-Pro-Lys-, -Glu-Asp-Asp-Glu- 
Thr-lle-Pro-Ser-Glu-. -Glu-Asp-Asp-Qlu-Thr-Val-Pro-Pro-Glu-. -Glu-Asp-Asp-Glu-Thr-Val-Pro-Ala-Glu-. -Glu-Lys- 
Glu-Glu-Thr-lle-Pro-Pro-Asp- or -Glu-Arg-Asp-Asp-Thr-lle-Pro-Pro-Glu-. 

30 5. The angiogenesis inhibitor of daim 4. wherein tiie calpastatin p^tide has an amino acid sequence of the following 
formula: Asp-Pro4/lel-Ser-Ser-Thr-Tyr-lle-Glu<31u-Leu-Gly-Lys-Arg-^ 
Leu-Ala. 

6. The angiogenesis inhibitor of daim 2. wherein the calpain inhibitory compound is a compound which InhibHs Ca^*- 
35 binding site having a high homology with cabnodulin in calpain. 

7. The angiogenesis inhibitor of daim 6. wherein the compound which inhibits Ca^^-bindng site having a high homol- 
ogy with calmodulin is at least one compound selected from calmodulin antagonistic compounds. 

4a 8. The angiogenesis inhibitor of claim 1 , wherein tiie cysteine protease inhibitory compound is at least one compound 
selected from epoxysucdnic peptide compound, peptide aWehyde compound, peptide halomethane compound, 
peptide diazomethane con^und, peptide halohydrazide compound, peptide disulfide compound, peptide keloam- 
ide compound and isocoumarin compound. 

45 9, The angiogenesis inhibitor off claim 8, wherein the cysteine protease inhibitory compouid is an epoxysucdnic pep- 
tide compound. 

1 0- The angiogenesis inhibitor off daim 9, wherein the epoxysucdnfe peptide compound is a compound of the formula 
(1): 



so 



55 




(1) 



wherein 
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is an optionally esterif ied cartx)xy or an optionally substituted cartwxamide; 
Is a hydrogen or a lower alkyi or forms a ring together with or R^; 

are the same or different and each is a hydrogen, an optionally substituted lower alkyI, an optionally 
substituted sulfide, or R^ and R* combindly form a ring; 
is a substituted phenyl of the formula (II) 




wherein R^ is halogen atom or alkoxy. or a substituted sulfonyl of the fonmila (HQ 

S0^-R7 (III) 

wherein R^ is aryl optionally substituted by lower alkyI or optionally substituted amino; and 
n isOorl, 

or a salt thereof. 

11. TTie angiogenesis inhibitor of claim 10, wherein R^ is an optionally esterified carboxy, or caiboxamkJe optionally 
substituted by hydroxy or aralkyloxy. 

1 2. The angtogenesis inhibitor of daim 1 0. wherein R^ is hydrogen or methyl. 

13. The angiogenesis inhibitor of claim 10. wherein R^ and R^. or R^ and R* conrtonedly form a pyrrolidine ring. 

14. "Rie angiogenesis inhibitor of claim 10. wherein R^ and R"* are the same or different and each is hydrogen, lower 
alkyI optfonally substituted by aromatic group or cart>anfipyl. or sulfide oplfonally substituted by acylamino. 

15. The angiogenesis inhibitor of claim 10, wherein R^ and R* combinedly form a cydopentane ring. 

16. The angiogenesis inhibitor of claim 10. wherein R^ of the formula (II) is chlorine or fluorine. 

17. The angiogenesis inhibitor of daim 10, wherein R^ of the formula (III) is phenyl or dimethylamino optionally substi- 
tuted by lower alkyl. 

18. The angiogenesis inhibitor of daim 8. wherein the cysteine protease inhibitory compound is a peptide aWehyde 
compound. 

19. The angfogenesis inhibitor of daim 18, wherein the peptide aWehyde compound is letpeptin. 

20. The angiogenesis inhibitor of claim 18, wherein the peptide aWehyde compound is a compound of the formula (VQ: 



0 

II 



wherein R^ ^ is an optionally substituted aryl having 6 to 10 carbon atoms: R^^ and R^^ are the same or cfiffererrt 
and each is a hydrogen, a Ci-C4 alkyl, or R^^ and R^^ combinedly form a ring having 3 to 7 cart>on atoms; and R 
is a tower alkyl optionally substituted by aryl, cycloalkyi or aromatic heterocycle. or a salt thereof. 

21 . The angiogenesis inhibitor of claim 20. wherein R^ ^ is phenyl or naphthyl. both being optionally substituted by flu- 
orine, chlorine or methyl. 



R^ 

R2 

R^andR* 

R5 
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22. TTie angiogenesis inhibitor of claim 21, wherein R^^ is a member selected from 4-fluorophenyl, 4-chlorophenyl. p- 
tolyl and 2-naphthyl. 

23. The angiogenesis inhibitor of claim 20, wherein R^^ js propyl, isopropyl or tert-butyl, and R^^ is tiydrogen. 

5 

24. The angiogenesis inhibitor of claim 23, wherein R^^ is isopropyl and R^^ is hydrogen. 

25. The angiogenesis inhibitor of claim 20, wherein R^^ and R^^ combinedly Ibnn cydohexylidene. 

10 26. The angiogenesis inhibitor of claim 20. wherein R^"^ is isobutyl, benzyl, cydohexylmethyl or indol-3-ylmelhyl. 

27. A compound of the formula (VQ: 

" 0 X H 

0 0 R^* 

wherein R^^ is an optionally substituted aryl having 6 to 10 carbon atoms; R^^ and R^® are the same or different 
and each is a hydrogen, a C1-C4 alkyi, or R^^ and R^^ combinedly form a ring having 3 to 7 carlxxi atoms; and R^* 
is a lower alkyI optionally substituted by aryl, cycloalkyi or aromatic heterocycle. or a salt thereof. 

28. The conpound of claim 27. wherein R^^ is phenyl or naphthyl optionally substituted by fluorine, chlorine or methyl, 
or a salt thereof. 



20 



25 



29. The compound of claim 28, wherein R^^ is a member selected from 4-fluaophenyl, 4-chlorophenyl, p-tolyl and 2- 
30 naphthyl. or a salt thereof. 

30. The compound of claim 27, wherein R^^ js propyl, isopropyl or tert-butyl, and R^^ is tiydrogen, or a salt thereof. 

31 . The conpound of claim 30, wherein R^^ is isopropyl and R^^ is hydrogen, or a salt thereof. 

35 

32. The compound of daim 27, wherein R^^ and R^^ combinedly form cyclohetylidene, or a salt thereof. 

33. The conpound of claim 27. wherein R^^ is isobutyl, benzyl, cydohexylmethyl or indol-3-ylmethyl, or a salt thereof. 

40 
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I G. 1 c y\ y 




bFGF-containing pellet 

K 1 G. 1 c e > 




27 mer calpastatin peptide (0,03 jiUnole)-containing pellet 
+ bFGF-containing pellet 
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K I G. 2 C A ) 




bFGF-containing pellet 



K I G. 2 C B > 




leupeptin (0,1 |zinole)-contaim*ng pellet 
+ DFGF-containing pellet 
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I G. 3 
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K I G. 4 




45 



